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ANTIBODIES BINDING PD-L1 AND USES THEREQF

RELATED APPLICATIONS AND INCORPORATION BY REFERENCE

{0661} This application clairs priority to Chinese Patent Application No. 202110284404 8 filed on
March 16, 2021,

{6002] The foregoing application, and all documents cited therein or during its prosecution (“appln
cited documents”) and all documents cited or referenced herein {(including without limitation all
hiterature documents, patents, published patent applications cited hercin) (“hercin cited documents™),
and all documents cited or referenced in herein cited documents, together with any manufacturer’s
nstructions, descriptions, prodact specifications, and product sheets for any products mentioned
herein or in any docament incorporated by reference herein, are hereby incorporated hercin by
reference, and may be emploved in the practice of the invention. More specifically, all referenced
documents are incorporated by reference to the same extent as if each individual docuwment was
specifically and individually indicated to be mcorporated by reference. Any Genbank sequences
mentioned in this disclosure are incorporated by reference with the Genbank sequence to be that of
the earliest effective filing date of this disclosure.

{0003] Crtation or identification of any document i this application is not an adnmussion that such

document is available as prior art to the present disclosure.

FIELD OF THE INVENTION
{0004] The disclosure relates to an antibody or an antigen binding portion thercof specifically
binding to human PD-L1, the preparation and use thereof, especially its use in treatment of discases

associated with PD-L1 signaling, such as cancers and infectious diseases.

BACKGROUND OF THE INVENTION

{0005] T cell-based mmmunity has cvolved to recognize and destroy aberrant cells, including
pathogen-intected cells and cancer cells. T cell activities are regulated by a series of co-stimulatory
and co-inhubitory receptors as well as their ligands, known as immune checkpoints, which are critical
for self-tolerance, preventing the immune system from attacking tissues indiscriminately.

{0006] Among the inumunc checkpoint pathways, the PD-LI/PD-1 signaling has revealed
significant clinical benefits. PD-1, a type I transmembrane protein that negatively regulates immune
responses, is mainly expressed on antigen-experienced memory T cells in peripheral tissues, and less
commonly on B cells, activated monooytes, dendritic cells and natural killer cells (Keir ME et 4l |
(2008} Annu Rev Immunol. 26:677-704; Ishida Y ef af., (1992) EMBO J. 11(11):3887-3895). PD-L1
and PD-L2 are PD-1s hgands. PD-L1 is a type I transmembrane protein, consisting of two
extraceliular domains (the IgV- and IgC-like domains), a transmembrane domain, and an intraceltular
domain. [t 18 constitatively expressed on antigen-presenting cells, T cells, B cells, monocvtes, and
epithelial cells, and is upreguiated in many types of these cells at the presence of pro-inflammatory
cytokines (Keir ME er al., (2008) supra; Chen J et af., (2016) Ann Oncol. 27(33:409-416). Studies

have shown that PD-L1 mmduces [L~-10 release and thus produces inhibitory etfects on T cells (Dong H
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et al., (1999) Nat Med. 5(123.1365-1369}. PD-L2 expression is almost restricted to antigen-presenting

cells, and inducible expression can be found on e.g.

P

dendritic cells and macrophages. Accumulating
evidence showed PD-1 axis, when engaged with PD-L1, affects cyvtokine {e.g , IFN-y, TNF-g, and {1~
2} production to dampen T cell responses against normal cells/tissues (Keir ME et al, (2008) supra;
Chen J et al, (2016) supra). The PD-1-PD-L1 interaction also inhibits secretion of cell survival
factors, expression of transcription factors associated with effector cell functions, and Ivtic activities
of activated B cells and NK cells (Terme M er af., (2011} Cancer Res. 7T1{163:3393-5399; Fanom D ef
al., (2011} fmmumol Letr. 134(2):157-1603. PD-1 1s also highly expressed on regalatory T cells (Treg),
and may promote Treg activation and proliferation, further inhibiting the immune responses
(Francisco LM et al., (2009} J Exp Med. 206(13):3015-3029).

{00887] PD-1 pathways may be utilized by tumor cells to evade hosts” immune surveillance. In
apecific, a large proportion of tumor-infiltrating lymphocytes (TIhs) express a high level of PD-15,
while many tumor cells, including melanoma, ovarian cancer, lung cancer and renal cancer cells,
constitutively express P3-17s ligands, especially PD-L1 (Dong H er af., (2002} Nat Med. 8(8).793-
R00; Kim § er af., (2003} Am J Respir Cell Mol Biol 33(3):280-289; Lee 8K e &f., (2005} J Dermatol
Sei. 40(2:95--103). PD-L1 15 also expressed on myeloid cells, including a subset of macrophages and
dendritic cells, mm the microenvironment.  Therefore, in the microenvironment, PD-L1-PD-1
mteraction causes T cell dysfunction and exhaustion, 1L-10 release, and reduced cytotoxicity against
tumor cells by CD8" T cells, resulting in tumor cell growth (Zou W, Chen L. (2008) Nar Rev Immunol.
B(63:467-477; Sun Z et al., {(2015) Cancer Res. T5(8):1635-1644). The immune responses may be
further depressed by Tregs in the microenvironment (Francisco LM et ¢l , (2009) supra), and PD-L1-
CDRO heterodimers which dampen CD80-CTLA4 interaction (Butte MI er @l (2007} Immunity.
270y 111-122; Paterson AM er al., 2011) J Immunol. 187(3):1097-1103),

{8608] PD-1/PD-L1 blockade by e.g., antibodics can induce durable tumor renussions in a number
of cancers, inchuding solid tumors and hematologic tumors. Till now, antibodies targeting the PB-L1-
PD-1 axis are being evaluated in more than 1,000 clinical trials, for treating solid tumors, such as
melanoma, non-small cell lung cancer (NSCLC), renal cell carcinoma (RCC), Hodgkin's lymphoma,
bladder cancer, head and neck carcinoma, neuroendocrine tumor, microsatellite instable-high (MSI-H)
and mismatch repair-deficient (dMMR) sclid tumors, and hematologic tumors, such as mantle cell
tymphoma, diffuse large B-cell lvimphoma, and follicular lvimphoma {Akinleyve A, Rasool Z. (2019} J
Hematol Oncol. 12(13:92; Chong Sun et af. (2018} Immunity 20;48{3}:434-452). Three anti-PD-L1
antibodies have been approved by FDA, namely, Atezolizumab, Durvalumab, and Acclumab.
Atezolizamab 1s a humanized IgGl antibody that is able to block PD-LI-PD-1 and PD-L1-CD30
binding, its Fc region 15 designed to not mduce antibody dependent cell mediated cvtotoxicity (ADCC)
50 as to eliminate damage to PD-L17 T cells. Atezolizumab has shown clinical efficacy in solid and
non-solid tumors, mcluding NSCLC, melanoma, RCC, colorectal cancer, stomach cancer, head and
neck squamous-cell carcinoma, and urothehial carcinoma.  Simularly, the humanized antibody
Burvalumab can block PB-L1 binding with PD-1 or CD80, and 15 designed to avoid ADCC against
PD-L1IT T cells. It is efficacious in treating e.g.. urothelial carcinoma and NSCLC.  Avelumab,

another humamized {gG1l antibody with Fe region not modified, can block PD-L1-PD-1 and PD-L1-
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CD80 interaction, induce ADCC against tumor cells, and has shown good clhinical outcomes i
treatment of Merkel-cell carcingma, uwrothelial carcinoma, and three-negative breast cancer. (ther
anti-PD-L1 antibodies under clinical trials include Envafolimab and BMS-936559. The anti-PD-L1
antibodiecs may be used in combination with other antibodies, targeted agents, and/or
chemotherapeutic agents, to better inhibit tumor growth.

{0809 However, not all patients are responsive to the anti-PD-1/PD-L1 therapies, despite of the
therapics” wide-spectrum anti-tumor effects, and some patients reported encouraging initial responses,
but eventually became resistant to the therapies. To find out the causes of such acquired resistance
and to develop new agents/therapies would be extremely important. There remains a need for more
anti-PD-L1 antibodies with different and/or improved pharmaceutical characteristics, ¢.g., antibodies
with different binding affinities, different blocking capabilities on PD-1-PD-L1, and/or different
binding epitopes.

{0010] The PD-L1/PD-1 blockade also showed good cffects m clinical or pre-clinical studies of
acute or chronic viral, bacterial, or parasite infections (Jubel JM et ai., (2020} Front Immunol. 11:487).
For example, i chronic infections by hepatitis B viras (HBV), hepatitis € virus (HCV), homan
mmmunodeficiency vires (HIV), or sinuan immunodeficiency virus (81V), administration of anti-PD-
L1 antibodics increased IFN-y, 1L-2 and TNFa release, functionally reversed T cell exhaustion, and
amchorated viremia.  Thus, more anti-PDB-L1 antibodies are also needed for infecticus disease

treatment.

SUMMARY OF THE INVENTION

{0611} The present disclosure provides an isolated monoclonal antibody, for example, a mouse,
human, chimeric or humanized monoclonal antibody, that binds to PD-L1 {¢.g., the human PD-L1,
and monkey PB-L1), or an antigen-binding portion thercof. It has comparable or higher binding
capability to homan and monkey PD-L1 protemns, comparable blocking activity on PD-L1-PD-1
mteraction, comparable or better T cell activation capability, and comparable or higher in vivo anti-
tumor activity, as compared to prior art antibodies such as Atezohizumab.

{0612] The antibody or antigen-binding portion thereof of the disclosure can be used for a variety of
applications, mchuding detection of PD-L1 proteins and treatment of PD-L1 agsociated diseases.
{0613} Accordingly, in one aspect, the disclosure pertains to an isolated monoclonal antibody {c.g.,
a humanized antibody), or an antigen-binding portion thercof, that binds PD-L1, that may comprise 1)
a heavy chain variable region that may comprise a VH-CDRI region, a VH-UCDR2 region and a VH-
CDR3 region, wherein the VH-CDRI region, the VH-CDR2 region and the VH-CDR3 region may
comprise amino acid sequences having at least 80%, 81%, 82%, 83%., 84%, 85%, 86%, 87%, 88%,
89%, 90%., 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to, or set forth in (1) SEQ
ID NOs: 1, 2 and 3, respectively; or (2) SEQ ID NOs: 7, § and 9, respectivelv; and/or 11} a light chamn
variable region that may comprise a VL-CBR1I region, a VL-CDR2 region and a VL-CDR3 region,
wherein the VEL-CDRI region, the VL-CDRZ region and the VL-CDR3 region may comprise amino

acid sequences having at least 80%, 81%, 82%, 3%, 84%, 85%, 86%, 7%, 88%, 89%, 90%, 91%,
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929, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to, or set forth in (1} SEQ {D NOs: 4, 5 and 6,
respectively; or (4} ;SEQ D NOs: 10, 11 and 12, respectively.

{0014] The tsolated monoclonal antibody or antigen-binding portion thereof of the disclosure may
comprise a heavy chain varable region and a light chain variable region, wherein the VH-CDRI
region, VH-CDRZ region, VH-CDR3 region, VL-CDRI region, VE-CDR2 region and VL-CDR3

region may comprise amino acid sequences having at least 80%, 81%. 82%, 83%, 84% 6%
87%, 88%. 89%, 901%, 91%, 92%, 93%. 94%, 6, 96%, 97%, 98%, or 99% identity to, or set foﬁh

m (1) SEQ ID NOs: 1, 2, 3, 4, 5 and 6, respectweiy; or (2} SEQ ID NQOs: 7, 8, 9, 10, 11 and 12,
respectively.

{80815] The heavy chain variable region of the disclosure may comprise an amino acid sequence
having at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, &9%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%. 98%, or 99% identity o, or set forth in any one of SEQ 1D NOs: 13-23.

{0616] The hight chain variable region of the disclosurc may comprise an amino acid sequence
baving at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, §7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%

95%, 96%, 97%, 98%, or 99% identity to, or set forth m any one of SEQ 1D NQOg: 24-32.

{GGI’H The isolated monoclonal antibody or antigen-binding portion thereof of the disclosure may
comprise a heavy chain variable region and a light chain vanable region which may comprisc amino
acid sequences having at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,

929%, 93%, 94% 93%, 96%, 97%, 98%, or 89% wdentity to, or set forth m {1y SEQ ID NOs: 13 and 24,

respectively; (2) SEQ ID NOs: 14 and 25, respectively; {33 SEQ 1D NOs: 14 and 26, respectively: (4)
SEQ ID NOs: 14 and 27, respectively; (5) SEQ 1D NOs: 15 and 23, respectively; (6) SEQ 1D NQOs: 15
and 26, respectively; {7} SEQ ID NOs: 15 and 27, respectively; (8) SEQ 1D NQOs: 16 and 25,
respectively; (9) SEQ 1D NQs: 16 and 26, respectively; (10) SEQ D NOs: 16 and 27, respectively;
{11) SEQ 1D NOs: 17 and 25, respectively: {12) SEQ ID NOs: 17 and 26, respectively; (133 SEGQ ID
NGs: 17 and 27, respectively; {143 SEQ ID NOs: 18 and 28, respectively; (15) SEQ 1D NOs: 19 and
29, respectively; (16) SEQ 1D NOs: 20 and 30, respectively; (17) SEQ D NOs: 20 and 31,

respectively; (18) SEQ 1D NOs: 20 and 32, respectively; (19) SEQ ID NOs: 21 and 30, respectively;
20y SEQ D NOs: 21 and 31, respectively; (21) SEQ ID NGs: 21 and 32, respectivelyv: (22} SEQ ID
MNQs: 22 and 30, respectively; (23) SEQ 1D NOs: 22 and 31, respectively; (24) SEQ 13 NQOs: 22 and
32, respectively; (25) SEQ ID NOs: 23 and 30, respectively; (26) SEQ ID NOs: 23 and 31,
respectively; or (27) SEQ 1D NOs: 23 and 32, respectively.

{0018] The isolated monoclonal antibody of the disclosure may comprise a heavy chain constant
region and/or a light chain constant region. The heavy chain constant region may be an IgGl, Ig(G2,
12G3 or IgG4 beavy chain constard region, or a functional fragment thereof. The heavy chain
constant region may be modified to induce decreased ADCC against PD-L17 cells, or modified to not
induce ADCC against PD-L1" cells. For instance, the heavy chain constant region may be human
I2G1 constant region with N297A mutation, having ¢.g., the amino acid sequence of SEQ D NG: 33

The light chain constant region may be kappa hight chain constant region such as human kappa light
chain constant region, having e.g., the amino acid sequence of SEQ 1 NO: 34, The N terminus of

the heavy chain constant region is linked 1o the C terminus of the heavy chain vanable region, and the
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N termunus of the light chain constant region is linked to the C terminus of the hight chain varable
region.

[0619] In certain embodiments, the antibody of the disclosure may comprise or consists of two
heavy chains and two light chains connected by disubfide bonds, wherein each heavy chain comprises
the heavy chain constant region, heavy chain variable region or CDR sequences mentioned above, and
cach hight chain comprises the light chain constant region, light chain vanable region or CDR
sequences mentioned above. The antibody of the disclosure may be a full-length antibody, for
example, of an 1gG4, 1gG1 or 1g(G2 isotype. The antibody or antigen binding portion thereof of the
present disclosure in other embodiments may be a simgle chain antibody, or consisis of antibody
fragments, such as Fab or F(ab')2 fragments.

{0826] The exemplary antibody or antigen binding portion thereof of the disclosure is antagonistic,
which binds to human/monkey PB-L1, blocks PB-L1-PD-1 interaction, nduces T cell activation,
and/or has in vivo anti-turaor cffects.

[0021] The disclosure also provides an tmmuneconjugate comprising the antibody or the antigen
binding portion thereof, linked to a therapeutic agent such as a cytotoxin or an anti-cancer agent. The
disclosure also provides a bispecific molecule comprising the antibody or the antigen-binding portion
thereof of the disclosure, linked to a second functional moiety (¢.g., a second antibody) having a
different binding specificity than the antibody or the antigen-binding portion thereof of the
disclosure. In another aspect, the antibody or the antigen-binding portion thereof of the present
disclosure can be made into part of a chimeric antigen recepior {CAR) or a T cell receptor (TCR).
The disclosure further provides an tmmune cell with the CAR or TCR of the disclosure, suchasa T
cell and a NK cell. The antibody or antigen binding portion thereof of the disclosure can also be
encoded by or used in conjunction with an oncolytic virus.

{00221 The disclosure further provides a nucleic acid molecule encoding the antibody or antigen-
binding portion thereof of the disclosure, as well as an expression vector comprising such a nucleic
acid molecule and a host cell comprising such an expression vector. A method for preparing the anti-
PD-L1 antibody or antigen binding portion thereof using the host cell of the disclosure 1s provided,
comprising steps of (1) expressing the antibody or antigen binding portion thereof in the host cell, and
(i1} isolating the antibody or antigen binding portion thereof from the host celi or its cell culture.
{0623} The disclosure provides a composition comprising the antibody or antigen binding portion
thereof, the mmmuneconjugate, the bispecific molecule, the imnume cell, the oncolytic virus, the
nucleic acid molecule, the expression vector, or the host ccll of the disclosure, and a pharmaceutically
acceptable carrier.

{0624} In another aspect, the disclosure provides a method for enhancing an tmmune response in a
subject in need thercof, comprising administering to the subject a therapeutically effective amount of
the composition of the disclosure. In some embodiments, the method comprnises mnducing T cell
activation.

{8025] In another aspect, the disclosure provides a method for treating or alleviating cancer i a
subject in need thereof, comprising administering to the subjoct a therapeutically effective amount of

the composition of the disclosure. The cancer may be a solid cancer or a hematological cancer,
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melading, but not hmited to, melanoma, non-small cell lung cancer, renal cell carcmoma, Hodgkim
lymphoma, bladder cancer, head and neck cancer, neurcendocrine tumor, mantle cell lyvmphoma,
diffuse large B-cell lymphoma, and follicular lymphoma In some embodiments, at least one
additional anti-cancer antibody may be administered with the composition of the disclosure, such as
an anti-PD-1 antibody, an anti-STAT3 antibody, an anti-RORI antibody, an anti-TIM-3 antibody,
and/or an anti-CTLA-4 antibody. In certain embodiments, the composition of the disclosure may be
administered with a cvtokine (e.g., IL-2 and/or [L-21}, or a costimulatory antibody {e.g., an anti-
CD137 and/or anti-GITR antibedy}. In ancther embodiment, the composition of the disclosure may
be administered with a chemotherapeutic agent, which may be a cyiotoxic agent.

{6026] In another aspect, the disclosure provides a method for treating or alleviating an infectious
disease m a subject in need thereof, comprising administening to the subject a therapeutically effective
amount of the antibody or antigen binding portion thereof The mfectious disease may be a chronic
viral, bacterial, fungal or mycoplasma infection, such as a chronic hepatitis B viras (HBV), hepatitis C
virus (HCV), human immunodeticiency virus (HIV), or simian immunodeficiency virus (SIV)
infection. In certain embodiments, at least one additional anti-nfective agent may be administered
with the antibody or antigen binding portion thereof of the disclosure, such as an anti-viral agent, an
anti-bacterial agent, an anti-fungal agent, or an anti-mycoplasma agent.

{8627] Other features and advantages of the mstant disclosure will be apparent from the following
detailled description and examples, which should not be construed as limiting. The contents of all
references, Genbank entrics, patents and published patent applications cited throughout this
application are expressly incorporated herein by reference.

{0628} Accordingly. 1t is an object of the invention not to cncompass within the invention any
previously known product, process of making the product, or method of using the product such that
Applicants reserve the right and hereby disclose a disclammer of any previcusly known product,
process, or method. ft is further noted that the invention does not intend to encompass within the
scope of the invention any product, process, or making of the product or method of using the product,
which does not meet the written description and enablement requirements of the USPTO (35 US.C.
$112, first paragraph) or the EPO {Article 83 of the EPC), sach that Applicants reserve the right and
hereby disclose a disclaimer of any previoushy described product, process of making the product, or
method of using the product. It may be advantageous in the practice of the mvention 1o be m
corapliance with Art. 53(c) EPC and Rule 28(b) and (¢) EPC. All rights to explicitly disclaim any
embodiments that are the subject of any granted patent(s) of applicant m the lineage of thus
application or in any other lineage or in any prior filed application of any third party is exphlicitly
reserved. Nothing herein is to be constraed as a promise.

{0629] It s noted that in this disclosure and particularly in the claims and/or paragraphs, terms such
as “comprses”, “comprised”, “compnsing” and the like can have the meaning attributed to if in U8,
Patent law; ¢.g., thev can mean “includes”, “included”, “including”, and the like; and that terms such
as “cousisting essentially of " and “congists essentially of” have the meaning ascribed to them m U S,
Patent law, ¢.g., they allow for clements not explicitly recited, but exclude clemoents that are found in

the prior art or that affect a basic or novel charactenstic of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0630] The following detailed description, given by way of example, but not mtended to limit the
mvention solely to the specific embodiments described, may best be understood 1o conjunction with
the accompanying drawings.

{6031] FIG. 1 shows the treatment of mouse anti-PD-L1 antibodies at 100 pg/ml (A) or at 0.1-10
pg/ml {B) increased IFN-y secretion by T cells.

{0032] FIG. 2 shows the binding capabilitics of clumerc aoti-PD-L1  antibodies to
HEKZ293A/human PD-L1 cells (A), HEKZ93A/monkey PD-L1 cells (B), and HEK293A/mouse PD-
L1 celis (T}

{0833] FIG. 3 shows the capabilitics of chimeric anti-PD-L1 antibodies to block PD-1-PD-L1
mteraction.

{0034] FIG. 4 shows chimeric anti-PD-L1 antibodies mduced IFN-y secretion by T cells in a dose
dependent manner.

{8035] FIG. 3 shows the binding capabilitics of humanized 3C2 antibodics to HEK293A/human
PB-L.1 cells (A), HEK293A/monkey PD-L1 cells (B), and HEK293 A/mouse PD-L1 cells ().

{6G36] FIG. 6 shows the binding capabilities of humanized S6ES antibodies to HEK293A/human
PB-L1 cells (A), HEK293A/monkey PD-L1 cells (B), and HEK293A/mouse PD-L1 cells ().

{0837] FIG. 7 shows humanized 56E5 and 3(C2 antibodies induced IFN-y secretion by T cells in a
dose dependent manner.

{0638} FIG. 8 shows the SPR curves of the anti-PDL 1 antibody S6ESVHSVLA4 in competition with
3C2VHAVEA (A), S6E3VHEVES (B), Atezolizumab (), Avelumab (I3) and Duralumab (E) over PD-
L1 binding.

{8039] FIG. 9 shows the SPR curves of the anti-PDLT antibody 3C2VH4AVL4 in competition with
3C2VHAVLA (A), 56E5VHAVLEA (B), Atezolizumab (C), Avelumab (1) and Duralumab (E) over PD-
L1 binding,.

{6048] FIG. 10 shows the average tumor volumes (A) and average tumor weights (B) of transgenic
mice with human PD-L1 m groups respectively treated with 36ESVHSVL4, 3C2VHOVLS and

Avelumab.

DETAILED DESCRIPTION OF THE INVENTION

{8041] To cnsure that the present disclosure may be more readily understood, certain terms are first
defined. Additional definitions are set forth throughout the detatled descnption.

{0042] The term “PD-L17 refers to programmed death-ligand 1. The term “PD-L17 comprises
variants, isoforms, homologs, orthologs and paralogs. For example, an antibody specific for a human
PD-L1 protein may, tn certamn cases, cross-react with a PD-L1 protein from a species other than
human, such as monkey. In other embodiments, an antibody specific for a homan PD-L1 protein may
be completely specific for the human PD-L1 protein and exhibit no cross-reactivity to other species or

of other types, or may cross-react with PD-L1 from cerfain other species but not all other species.
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{6343] The term “human PD-L17 refers to a PD-L1 protein having an amino acid sequence from a
human, such as the amino acid sequence having a GenBank accession no. AAI13735.1 (Strausberg
R.L. eral, (2002) Proc. Natl. Acad. Sci. 1/.8.4. 9926} 16899-16903) or st forth in SEQ ID
NG: 35, The term “monkey PD-L17 refers to a PD-L1 protein having an amino acid sequence from a
monkey, such as the anmino acid seguence having a NCBI accession no. XP_0053581836.1 or set
forth in SEQ ID NG: 36, The term “mouse PD-E17 refers to a PD-L1 protein having an aming acid
sequence from a mouse, such as the aminc acid sequence having a GenBank accession no.
AAHO66841 1 (Strausberg R.L. ef ol (2002) supra) ot set forth in SEQ 1D NO: 37

{00441 The term “antibody™ as referred to herein mchades whole antibodies of e.g, IgG, IeA, igh,
IgE and IgM, and any antigen binding fragment (1.c., “antigen-binding portion™} or single chains
thereof. Whole antibodies are glycoprotems comprising at least two heavy (H) chains and two hight
(L} chains mter-connected by disulfide bonds. Each heavy cham is comprised of a heavy chain
variable region {abbreviated herein as Vy) and a heavy chain constant region. The heavy chain
constant region is comprised of three domains, Cai, Cuz and Cys. Each light cham is comprised of a
light chain vanable region {abbreviated herein as Vi) and a light chain constant region. The hght
chain constant region is comprised of one domam, €. The Vi and Vi regions can be further
subdivided mio regions of hypervariability, termed complementarity determining regions {(CDR),
interspersed with regions that are more conserved, termed framework regions {(FR}. Each Vi and Vi
is composed of three CDRs and four FRs, arranged from amino-terminus to carboxy-ternuous in the
following order; FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The vanable regions of the heavy and
light chains contain a binding domain that interacts with an antigen. The constant regions of the
antibodies can mediate the binding of the immumoglobulin to host tissues or factors, including various
cells of the mmune system (c.g., effector cells) and the first component (Clg) of the classical
complerent system.

{8045] The term “antigen-binding portion” of an antibody {or simply “antibody portion™), as use
herein, refers to one or more fragments of an antibody that retain the ability to specifically bind to an
antigen {e.g., a PD-L1 protein). It has been shown that the antigen-binding function of an antibody
can be performed by fragments of a full-length antibody. Examples of bhinding fragments
encompassed within the term “antigen-binding portion” of an antibody include (1) a Fab fragment, a
monovalent fragment consisting of the Vi Vi, G and Cp1 domains; (11} a F(ab'), fragment, a bivalent
fragment comprising two Fab fragments linked by a disulfide bridge at the hinge region; (in) a Fd
fragment consisting of the Vg and Cyy domains; (iv) a Fv fragment cousisting of the Vi and Vy
domains of a single arm of an antibody, {(v) a dAb fragment (Ward et al., (1989) Nature 341:544-546),
which consists of a Vi domain; (vi) an isolated complementarity determining region {CDR); and (viu)
a nancbody, a heavy chain variable region containimg a single vanable domain and two constant
domains.  Furthermore, although the two domaing of the Fv fragment, Vi and Va, are coded by
separate gencs, they can be joined, using recombinant methods, by a synthetic linker that enables
them to be made as a single protein chain in which the Vi and Vg regions pair to form monovalent
molecules (known as single chain Fyv (scFv); see e.g., Burd er al., (1988) Science 242:423-426; and

&

Huston ef af., (1988} Proc. Nail. Acad. Sci. USA 85:5879-5883). Such single cham antibodics are also
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mtended to be encompassed within the term “antigen-binding portion” of an antibodv. These
antibody fragments arc obtained using conventional technigues known to those with skill n the art,
and the fragments are screencd for atility in the same manner as are intact antibodics.

[0046] An “isolated antibody”, as used herein, 1s intended to refer to an antibody that is
substantially free of other antibodies having different antigenic specificities {¢.g., an isolated antibody
that specifically binds a PD-L1 profein is substantially free of antibodies that specifically bind
antigens other than PD-L1 proteins). An isolated antibody that specifically binds a buman PD-L1
protein may, however, have cross-reactivity to other antigens, such as PD-L1 proteins from other
species. Moreover, an isolated antibody can be substantially free of other cellular material and/or
chemicals.

{0847] The term “monoclonal antibody” as used herein refers to a population of substantially
homogeneous antibodies, i.e., the individual antibodies comprising the population are identical except
for possible naturally occurring mutations and/or post-transiation modifications {e.g., isomerization,
amidation} that may be present m minor amounts. Monoclonal antibodies are highly specific, being
directed against a single antigenic site. In contrast to polyelonal antibody preparations which
typically include different antibodies directed against different determinants {epttopes), the
monoclonal antibodics are directed against a single deterounant on the antigen.

{0048] The term “mouse antibody”, as used herein, ts intended to include antibodies having variable
regions in which both the framework and CDR regions are derived from moase germlme
mmunoglobulin sequences.  Furthermore, if the antibody contains a constant region, the constant
region also 1s derived from mouse germline immunoglobulin sequences. The mouse antibodies of the
disclosure can include amino acid residues not encoded by mouse germline immunoglobulin
sequences {¢.g., mutations introduced by random or sife-specific mutagenesis in vitro or by somatic
mutation in vivo}. However, the term “mouse antibody”, as used herein, 1s not intended to include
antibodies in which CPDR sequences derived from the germling of another mammalian species have
been grafted onto mouse framework sequences.

[00849] The term “chimeric antibody” refers to an antibody made by combining genctic matenal
from a nonhuman soarce with genctic material from a human being. Or more generally, a chimeric
antibody is an antibody having genctic material from a certain species with genetic material from
another species.

{8656] The term “humanized antibody”, as used hercin, refers to an antibody from non-human
species whose protein sequences have been modified to increase simularity to antibody variants
prodoced natarally in humans.

{0651} The phrases “an antibody recognizing an antigen” and “an antibody specific for an antigen”
arc used interchangeably herein with the term “an antibody which binds specifically to an antigen.”
{60521 As used herein, an antibody that “specifically binds to human PD-L17 is mntended to refer to
an antibody that binds to human PDB-L1 protein (and possibly a PD-L1 protein from one or more non-
human species) but does not substantially bind to oon-PD-L1 proteins. Preferably, the antibody binds
to human PD-L1 protein with “high affinity”, namely with a Ko of 5.0 x10® M or less, more

preferably 1.0 x 107 M or less.
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{0053] The term “does not substantially bind” to a protein or cells, as used herein, means does not
bind or does not bind with a high affinity to the protein or cells, 1.¢. binds to the protein or cells with a
Kp of 1.0 x 10° M or more, more preferably 1.0 x 107 M or more, more preferably 1.0 x 10™ M or
more, more preferably 1.0 x 107 M or more, even more preferably 1.0 x 107 M or more.

{0054] The term “high affinity” for an IgG antibody refers to an antibody baving a Kp of 1.0 x 10°¢
M or less, more preferably 5.0 < 10° M or less, even more preferably 1.0 x 10° M or less, even more
preferably 5.0 x 10”7 M or less and even more preferably 1.0 x 107 M or less for a target antigen.
However, “high affinity” binding can vary for other antibody isotypes. For example, “high affinity”
binding for an IgM isotype refers to an antibody having a Kp of 10 M or less, more preferably 107
M or less, even more preferably 107 M or less.

{B085] The term “Kieoo of “K,7, as used herein, is intended to refer to the association rate of a
particelar antibody-antigen interaction, whereas the term “Kais” or “Ka”, as used herein, is intended to
refer to the dissociation rate of a particular antibody-antigen mteraction. The term “Ko”, as used
herem, 1s intended to refer to the dissociation constant, which is obtamed from the ratio of K4 to K,
(e, K&Ky and 15 expressed as a molar concentration (M), Kp values for antibodies can be
determined using methods well established in the art. A preferred method for determining the Kp of
an antibody is by using surface plasmon resonance, preferably using a biosensor system such as a
Biacore ™ systen.

{0856] The term “ECs”, also kpnown as half maximal effective concentration, refers to the
concentration of an antibody which mduces a response halfway between the baseling and maximum
after a specified exposure time.

{8657] The term “antibody dependent celiular eyiotoxicity”, “antibody dependent cell-mediated
cytotoxicity” or “ADCC” refers to a mechaniam of cell-mediated tmmune defense whereby an
affector cell of the immune system actively byses a target el bound by antibodies.

{0658] The term “subject” includes any human or nonhuman animal. The term “nonhuman amimal”
mcludes all veriebrates, ¢.g., mammals and non-mammals, such as non-human primates, sheep, dogs,
cats, cows, horses, chickens, amphibians, and repuiles, although mammals are preferred, such as non-
human primates, sheep, dogs, cats, cows and horses.

{8089] The term “antagonistic PD-L1 antibody” or “antagonistic anti-PD-L1 antibody” refers to an
anti-PD-L.1 antibody that binds to PD-L1 and blocks PD-1.1 signaling induced by PD-L.1’s interaction
with 1ts igands such as PD-1. The antagonistic anti-PD-L.1 antibody may promote T cell activation

g cancers and chronic

&

and cytokine release, enhance mmmunity, and thus can be used to treat e.
mnfections.

{0660] The term “therapeutically effective amount” means an amount of the antibody or antigen
binding portion thereof of the present disclosure sufficient to prevent or ameliorate the symptoms
associated with a disease or condition (such as a cancer) and/or lessen the severity of the discase or
condition. A therapeutically effective amount is understood to be in context of the condition being
treated, where the actual effective amount is readily discerned by those of skill in the art.

{8061] Various aspects of the disclosure are described in further detail in the following subsections.

10
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{0062] The exemplary anttbodies, or antigen binding portions thercof, of the disclosure specifically
bind o human and monkey PD-L1 proteins with high binding capabilities that are similar to or higher
than those of prior art anti-PD-L1 antibodies such as Atezolizamab. The antibodies or antigen
binding portions thercof of the disclosure may block PD-LI-PD-1 binding or uxeraction, and the
blocking activities are comparable to those of prior art anti-PD-L 1 antibodies such as Atezolizumab.
{6063] More importantly, the antibodics or antigen binding portions thereof of the disclosure have
comparable, if not higher, T cell activating capabilitics and in vivo anti-tumor activities, compared 1o
prior art anti-PD-1.1 antibodics such as Atezolizumab.

{0064] Preforred antibodies or antigen binding portions thereof of the disclosure are monocional.
Additionally, the antibodies or antigen binding portions thereof can be, for example, mouse, chimeric
or humanized.

{0065] The cxemplary antibodies or antigen binding portions thercof of the disclosure are
structurally and chemically characterized below. The sequence 1D numbers of their heavy chain and
light chain variable regions and CDRs are summarnized in Table 1, some antibodies or antigen binding
portions thereof share the same heavy/light chain variable regions.

{0866] The heavy chain variable region CPBRs and the light chain vanable region CDRs in Table 1
have been defined by the Kabat numbering system. However, as is well known m the art, CDR
regions can also be determined by other systems such as Chothia, IMGT, AbM, or Contact numbering
system/method, based on heavy chain/light chain varnable region sequences.

{08671 The antibodics of the disclosure may cach comprise a heavy chain constant region, such as
121 constant region, ¢.g., human Ig(G1 constant region having the amino acid sequence of SEQ 1D
NG 33, or a functional fragment therecof. The antibodics of the disclosure may gach comprise a light
chain constant region, such as kappa light chain constant region, e.g., human kappa constant region
having the amino acid sequence of SEQ ID NG: 34, or a functional fragment thercof.

{0068] The Vi and Vi sequences (or CDR sequences) of other anti-PD-L 1 antibodies which bind to
human PD-L1 can be “mixed and matched” with the Vi and Vi, sequences (or CDR sequences) of the
anti-PD-L1 antibody of the present disclosure. Preferably, when Vi and Vi chains (or the CDRs
within such chains} are mixed and matched, a Vyu sequence from a particular Vp/Vy pairing is
replaced with a stracturally similar Vy sequence.  Likewise, preferably a Vi sequence from a3
particular Vu/Vy pairing is replaced with a structurally similar Vi sequence.

{0069] Accordingly, in one embodiment, an antibody of the disclosure, or an antigen binding
portion thereof, comprises:

{a} a heavy chain variable region comprising an amino acid sequence listed above in Table 1; and

(b} a light chain variabic region comprising an amino acid sequence listed above in Table 1, or the Vi

of another anti-PD-L1 antibody, wherein the antibody specifically binds human PD-L1.
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{6G78] In another embodiment, an antibody of the disclosure, or an antigen binding portion thereof,
comprises:

{a} the CDRI, CDR2, and CDR3 regions of the heavy chain variable region listed above 1 Table 1;
and

(b} the CDRI, CDR2, and CDR3 regions of the light chain variable region listed above in Table 1 or
the CDRs of another anti-PB-L1 antibody, wheretn the antibody specifically binds human PD-L1.
{06711 In vet another embodiment, the antibody, or antigen binding portion thereof, includes the
heavy chain variable CDR2 region of anti-PD-L.1 antibody combined with CDRs of other antibodies
which bind human PD-L1, eg., CDR1 and/or CDR3 from the heavy chain varable region, and/or
CDRI1, CDR2, and/or CDR3 from the light chain variable region of a different anti-PB-L1 antibody.
{80721 In addition, it is well known in the art that the CDR3 domain, independently from the CDR1
and/or CDR2 domain{s), alone can determine the binding specificity of an antibody for a cognate
antigen and that multiple antibodics can predictably be generated having the same binding specificity
based on a common CDR3 sequence. See, ¢.g., Khimka er al.,, British J. of Cancer 83(23:.252-260
(2000}, Beiboer er al.,, J. Mol Biol. 296:833-849 (2000); Rader ez ul.,, Proc. Natl. Acad. Sci. USA.
05:8010-8915 (1998}, Barbas et al.,. J. Am. Chem. Soc. 116:2161-2162 (1994}, Barbas ef «l.,, Proc.
Natl. Acad. Sci. U.5.A 92:2529-2533 (1995); Duzel e al.,, J. Immuinol. 157:739-749 (1996); Berezov
et al., BiAjournal 8: Scientific Review 8 (2001); Igarashi et al.,, J. Biochem (Tokvo) 117:452-7 (1993),;
Bourgeois er al., f. Virol 72:807-10 (1998}, Levi er al.,, Proc. Natl Acad. Sci. 1J.5.A. 90:4374-8
{1993}, Polymenis and Stoller, J. fmmunol. 152:5218-3329 (1994} and Xu and Davis, Immunity
13:37-45 (2000). Sce also, U.S. Pat. Nos. 6,951,646; 6,914,128; 6.090,382; 6,818,216; 6,156,313;
6,827,925, 5,833,943, 5,762,905 and 5,760,185, Each of these references is hereby incorporated by
reference in its entirety.

{8073] Accordingly. in another embodiment, the antibody or antigen-binding portion thereof of the
disciosure comprise the CDRZ of the heavy chain variable region of the anti-PD-L1 antibody and at
least the CDR3 of the heavy and/or light chain varable region of the anti-PD-L.1 antibody, or the
CDR3Z of the heavy and/or light chain vanable region of another anti-PDB-L1 antibody, wherein the
antibody or antigen binding portion thereof i1s capable of specifically binding to human PD-L1. These
antibodies or antigen binding portions thereof preferably {a) compete for binding with PD-L1; (b)
retain the functional characteristics; (¢} bind to the same epitope; and/or (d) have a sinular binding
affinity as the anti-PD-L1 antibody of the present disclosure. In vyet another embodiment, the
antibodies or antigen binding portions thercof further mayv comprise the CDR2 of the light chain
variable region of the anti-PB-L1 antibody, or the CDR2 of the light chain variable region of another
anti-PD-L1 antibody, wherein the antibody or antigen binding portion thereof is capable of
specifically binding to human PD-L1. In another embodiment, the antibodies or antigen binding
portions thereof of the disclosure may include the CDRI1 of the heavy and/or hight chain varnable
region of the anti-PD-L1 antibody, or the CDR1 of the heavy and/or light chain variable region of
ancther anti-PD-L1 antibody, wherein the antibody or antigen binding portion thereof is capable of

specifically binding to human PD-L1.
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{6G74] In another embodiment, an antibody or antigen binding portion thereof of the disclosure
comprises a heavy and/or light chain variable region sequences of CDR1, CDR2 and CDR3 scquences
which differ from those of the anti-PD-L1 antibodies or antigen binding portions thereof of the
present disclosure by one or more conservative modifications. It is understood 1n the art that certain
conservative sequence modification can be made which do not remove antigen binding. See, ¢.g.,
Brummel e af, (1993} Riochem 32:1180-8; de Widt er wal, {1997} Prot. Eng 10:835-41;
Komissarov et al., (1997} J. Biol. Chem. 272:26864-26870; Hall et al., (1992} J. Immunol. 149:1605-
12; Kelley and O'Connell (1993} Biochem.32:6862-35; Adib-Conguy er al, (1998} Iur
Immunol 10:341-6 and Beers et al, (2000} Clin. Can. Res. 6:2835-43,

{8875] Accordingly, in one embodiment, the antibody or antigen binding portion thereof comprises
a heavy chain variable region comprising CDR1, CDR2, and CDR3 sequences and/or a light chain
variable region comprising CDR1, CDR2, and CDR3 sequences, wherein:

{a) the heavy chamn variable region CDRI sequence comprises a scquence listed in Table 1 above,
and/or congervative modifications thereof, and/or

{b} the heavy chain vanable region CDR2 sequence comprises a sequence listed in Table 1 above,
and/or conservative modifications thereof, and/or

{c) the heavy chain variable region CDR3 sequence comprises a sequence listed in Table 1 above, and
conservative modifications thereof;, and/or

(d) the hght chain variable region CDRI, and/or CDR2, and/or CDR3 sequences comprise the
sequenae(s) listed in Table 1 above; and/or conservative modifications thereof, and

{e) the antibody specifically binds human PD-L1.

{0676] The antibody or antigen binding portion thereof of the present disclosure possesses one or
more of the following functional properties described above, such as high affinitv binding to human
PD-L1, and reduced or climinated ability to induce antibody dependent cell mediated cytotoxicity
{ADCC) against PD-L1 positive cells.

{8677} In various crmbodiments, the antibody or antigen binding portion thereof, of the disclosure
can be, for exampile, mouse, chimeric, human, or humanized.

{60781 As used herein, the term “conservative sequence modifications” is intended to refer to amino
acid modifications that do not significantly affect or alter the binding characteristics of the antibody
containing the amino acid sequence.  Such consecrvative modifications include amino acid
substitutions, additions and deletions. Modifications can be introduced into an antibody of the
disclosure by standard techniques known in the art, such as site-directed mutagenesis and PCR-
mediated mutagenesis. Conservative amine acid substitutions are ones in which the amino acid
residue is replaced with an amino acid residue baving a similar side chain.  Fanulics of amino acid
residucs having similar side chains bave been defined 1o the art. These families include amino acids
with basic side chains {¢.g., lysine, arginine, histidine}, acidic side chamns {¢.g., aspartic acid, glutamic
acid), uncharged polar side chains (e.g., glycine, asparaging, glutamine, serine, threomine, tyrosing,
cysieine, trvptophan), nonpolar side chains {e.g., alanine, valine, leucine, isoleucine, proling,
phenylalanine, methioning), beta-branched side chains (c.g., threonine, valine, isoleucine) and

aromatic side chamns {e.g., tyrosine, phenvlalanine, tryptophan, histidine). Thus, one or more amino

14



CA 03208621 2023-07-18

WO 2022/193561 PCT/CN2021/115301

acid residues within the CDR regions of an antibody of the disclosure can be replaced with other
amino acid residues from the same side chain family and the altered antibody can be tested for
retained function {i.¢., the functions set forth above) using the functional assays described herein.
{8679] The antibody of the disclosure can be prepared using an antibodyv having one or more of the
Vi/V1 sequences of the anti-PD-L1 antibody of the present disclosure as starfing matenial to engineer
a modified antibody. An antibody can be engineered by modifying one or more residues within one
or both variable regions (1., Vy and/or V). for example within one or more CDR regions and/or
within ong or more framework regions. Additionally or alternatively, an antibody can be enginesred
by modifving residues within the constant region{s}, tor example to alter the effector function{s) of
the antibody.

{0080] In certain embodiments, CDR grafting can be used to engineer variable regions of antibodies.
Antibodies interact with target antigens predominantly through amino acid residues that are located in
the six heavy and hight chain complomentarity determining regions (CDRs). For this reason, the
amino acid sequences within CDRs are more diverse between individual antibodies than sequences
outside of CDRs. Because CDR sequences arg respongsible for most antibody-antigen interactions, it
is possible to express recombinant antibodies that mimic the propertics of specific naturally occurnng
antihodies by constructing expression vectors that include CDR sequences from the specific naturally
occurring antibody grafied onto framework seguences trom a different antibody with different
properties (see, e.g., Ricchmann er al, (1998) Nature 332:323-327; Jongs et al., (1986} Nature
321:522-525; Queen et al., (1989) Proc. Natl. Acad. See also U.S A, 86:10029-10033; U.S. Pat. Nos.
5,225,539, 5,530,101, 5,585,089, 5,693,762 and 6,180,370).

{0681} Accordingly, another embodiment of the disclosure pertains to an isolated monoclonal
antibody, or antigen binding portion thereof, comprising a heavy chain variable region comprsing
CDR1, CDR2, and CDR3 sequences comprising the sequences of the present disclosure, as descnbed
above, and/or a light chain variable region comprising CDRI, CDRZ, and CDR3 sequences
comprising the sequences of the present disclosure, as described above. While these antibodies
contamn the Vy and Vi, CDR sequences of the monoclonal antibody of the present disclosure, they can
contain different framework sequences.

{0082] Such framework sequences can be obtained from public DNA databases or published
references that mclude germline antibody gene sequences. For example, germiine DNA sequences for
human heavy and light chain vanable region genes can be found m the “VBase” human germline
sequence database (available on the Internet at www mre-cpe.cam.ac.uk/vbhase), as well as in Kabat ¢f
al., (1991), cited supra; Tomlingon ef al., (1992} £ Mol Biol 227.776-798; and Cox et ., (1994) Eur.
L Bnunol 24:827-836; the contents of each of which are expressly incorporated herein by reference.
As another exaraple, the germbine DNA scquences for human heavy and light chain vanable region
genes can be found in the Genbank database. For example, the following heavy chain germline
sequences found tn the HCo7 HuMAD mouse are available in the accompanying Genbank Accession
Nos.: 1-69 (NG--0010109, NT--024637 & BC(70333). 3-33 (NG--0010109 & NT--024637) and 3-7
(NG--0010109 & NT--024637). As another example, the following heavy chain germline sequences

found in the HCo12 HoMAD mouse are available i the accompanving Genbank Accession Nos.: 1-69
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(NG--(G010109, NT--024637 & BC0O70333), 5-51 (NG--0010109 & NT--024637), 4-34 (NG--
0010109 & NT--024637), 3-30.3 (CAI556644}3 & 3-23 (Al406678).

{8083] Antibody protein sequences are compared against a compiled protein sequence database
using one of the sequence similarity searching methods called the Gapped BLAST (Alischul er af,
{1997}, supra), which is well known to those skilled m the art.

{6084] Preferred framework sequences for use in the antibodies of the disclosure are those that are
structurally similar to the framework sequences used by antibodies of the disclosure. The YV CDRI,
CDR2, and CDR3 sequences can be grafted onto framework regions that have the identical sequence
as that found m the germline immunoglobulin gene from which the framework sequence dernives, or
the CDR scquences can be grafied onto framework regions that contain one or more mutations as
compared to the germbing sequences. For example, it has been found that in certain instances it is
beneficial to mutate residues within the framework regions to maintain or enhance the antigen binding
ability of the antibody (see ¢.g., U S. Pat. Nos. 5,530,101; 5,585,089; 5,693,762 and 6,180,370},
[0085] Another type of varniable region modification s to mutate amino acid residues within the Vi
and/or Vo CDRI1, CDR2 and/or CDR3 regions to thereby improve one or more binding propertics
{e.g.. affinity) of the antibody of mmterest.  Site-directed mutagenesis or PCR-mediated nmutagenesis
can be performed to introduce the mutation{s) and the effect on antibody binding, or other functional
property of mierest, can be evaluated 1n in vifro or in vivo assays as known n the art.  Preforably
conservative modifications (as known i the art) are wntroduced. The mutations can be amino acid
substitutions, additions or deletions, but are preferably substitutions. Moreover, typically no more
than one, two, three, four or five residues within a CDR region are altered.

{0086] Accordingly, in another embodiment, the disclosure provides isolated anti-PD-L1
monoclonal antibodies, or antigen binding portions thereof, comprising a heavy chain varnable region
comprising: (3} a Vo DRI region comprising the sequence of the present disclosure, or an anuino
acid sequence having ong, two, three, four or five aming acid substitutions, deletions or additions; (b)
a Vi CDRZ region comprising the sequence of the present disclosure, or an amino acid sequence
having one, two, three, four or five amino acid substitutions, deletions or additions; (¢) a Vy CDR3
region comprising the sequence of the present disclosure, or an amingo acid sequence having one, two,
three, four or five amino acid substitutions, deletions or additions; (d} a V. CDR1I region comprising
the sequence of the present disclosure, or an amino acid sequence having one, two, three, four or five
amino acid substitutions, deletions or additions; (e) a Vi CDR2 region comprising the sequence of the
present disclosure, or an aming acid sequence having one, two, three, four or five aming acid
substitutions, deletions or additions; and {f} a Vi UDR3 region comprising the sequence of the present
disclosure, or an amino acid sequence having one, two, three, four or five amino acid substitutions,
delctions or additions.

{0087] Engincered antibodies of the disclosure nclude those in which modifications have been
made to framework residues within Vy and/or Vi, e.g. to improve the properties of the antibody.
Typically, such framework modifications are made to decrease the immunogenicity of the antibody.
For example, one approach is to “backnuiate” one or more framework residues 1o the corresponding

germline sequence. More specifically, an antibody that has undergone somatic mutation can contain
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framework residues that differ from the germline sequence from which the antibody 18 denived. Such
residues can be identified by comparing the antibody framework sequences to the germhine sequences
from which the antibody is derived.

{0688] Another type of framework modification involves mutating one or more residues within the
framework region, or even within one or more CDR regions, to remove T cell epitopes to thereby
reduce the potential immunogenicity of the antibody. This approach is also referred to as
“deimmunization” and is described in further detail in U S. Patent Publication No. 200301530453,
{0689] In addition, or as an alternative to modifications made within the framework or CDR regions,
antibodies of the disclosure can be enginecred to include modifications within the Fe region, typically
to alter one or more functional propertics of the antibody, such as scrum half-life, complement
fixation, Fo receptor binding, and/or antigen-dependent cellular cytotoxicity.  Furthermore, an
antibody of the disclosure can be chemically modified {¢.g., one or more chemical moieties can be
attached to the antibody} or be moditied to alter its glvcosylation, again to alter one or more
functional properties of the antibody.

{0096] In onc embodiment, the hinge region of Cny 1s modified in sach that the namber of cysteine
residues in the hinge region is altered, e.g.. increased or decreased. This approach is described further
in U8, Pat. No. 5,677,425, The number of cysteine residues in the hinge region of Cyy is altered 1o,
for example, facilitate assembly of the light and heavy chains or 1o increase or decrease the stability of
the antibody .

{00911 in ancther embodiment, the Fo hinge region of an antibody is mutated to decrease the
biological half-life of the antibody. Morc specificallv, onc or more ammoe acid mutations are
mtroduced into the Cip~Cin domain interface region of the Fe-hinge fragment such that the antibody
has impaired Staphyviococeyl protein A (SpA) binding relative 1o native Fe-hinge domain SpA binding,
This approach 1s described in further detail 1in U.S. Pat. No. 6,165,745,

{0092] In sull another cmbodiment, the glveosylation of an antibody is modified. For example, a
glvcosylated antibody can be made (i.c., the antibody lacks glvcosylation). (Glycosylation can be
altered to, for example, increase the affinity of the antibody for antigen. Such carbohydrate
modifications can be accomplished by, for example, altering one or more sites of glycosylation within
the antibody sequence. For example, one or more amino acid substitutions can be made that result in
climiation of one or morc varnable region framework glycosvlation sites to thereby eluminate
slycosvlation at that site. Such aglveosylation may increase the affinity of the antibody for antigen.
See, e.g., U.S. Pat. Nos. 5,714,350 and 6,350,861,

{8093] Additionally or alternatively, an antibody can be made that has an altered type of
glvcosvlation, such as a hypofucosylated antibody having reduced amounts of fucosyl residues or an
antibody having increased bisecting GicNac structures. Such aliered glycosyiation patterns have been
demonstrated to imcrease the ADCC ability of antibodies. Such carbohvdrate modifications can be
accomplished by, for example, expressing the antibody in a host cell with altered glycosylation
machinery. Cells with altered glycosylation machinery have been described in the art and can be used
as host cells in which to cxpress recombmant antibodies of the disclosure to thereby produce an

antibody with altered glycosviation. For example, the cell lines Ms704, Ms705, and Ms709 lack the
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fucosyltransferase gene, FUTE (a1, 6)-fucosyliransferase), such that antibodies expressed i the
Ms704, Ms705, and Ms709 cell lines lack fucose on their carbohydrates. The Ms704, Ms705, and
Ms709 FUTE-/- cell lines were created by the targeted disruption of the FUTS gene in CHO/DG4A4
cells using two replacement vectors (sce U8, Patent Publication No. 20040110704 and Yamane-
Ohnuki et 4., (2004) Biotechnol Bioeng 87:614-22). As another example, EP 1,176,195 describes a
cell line with a fanctionally disrupted FUTS gene, which encodes a fucosyl transforase, such that
antibodies expressed in such a cell hine exhibit hypofucosvlation by reducing or eliminating the ¢-1,6
bond-related enzyme. EP 1,176,195 also describes cell lines which have a low enzyme activity for
adding fucose to the N-acetyiglucosamine that binds to the Fc region of the antibody or does not have
the enzyme activity, for example the rat myeloma cell hine YB2/0 (ATCC CRL 1662). PCT
Publication WO 03/035835 describes a variant CHO cell line, Leci3 cells, with reduced ability to
attach fucose to Asn{297)-linked carbohyvdrates, also resulting in hvpofucosylation of antibodics
expressed in that host cell {see also Shields er al, (2002 J Biol. Chem. 277:26733-26740).
Antibodies with a modified glvcosylation profile can also be produced m chicken eggs, as described
in PCT Publication WO 06/086231. Alternatively, antibodies with a modified glvcosylation profile
can be produced in plant cells, such as Lemna. PUT Publication WO 99/54342 describes cell lines
engineered  to eoxpress  glycoprotem-modifying  glveosyl  transferases  {eg., P(1.4)-N-
acetyighucosaminyhransterase I (GnTHI)) such that antibodies expressed n the engineered cell Hines
exhibit increased bisecting GlcNac structures which results m increased ADCC activity of the
antibodies {see also Umana er al, (1999) Nat. Biotech. 17:176-180}.  Alternatively, the fucose
residues of the antibody can be cleaved off using a fucosidase enzyme; ¢.g., the fucosidase ¢-L-
fucosidase removes fucosyl residues from antibodies (Tarentino et al., (1975) Biochem. 14:5516-23).

{8094] Another modification of the antibodies herein that 1s contemplated by this disclosure 1s

pegylation. An antibody can be pegvlated to, for example, increase the biological (e g., serum} half-

life of the antibody. To pegylate an antibody, the antibody, or fragment thercof, typically is reacted
with polvethviene glveol (PEG), such as a reactive ester or aldehvde derivative of PEG, under
conditions m which one or more PEG groups become attached to the antibody or antibody fragment.
Preferably, the pegylation is carried out via an acylation reaction or an alkylation reaction with a
reactive PEG molecule {or an analogous reactive water-soluble polymer). As used herein, the term
“polyethylene glveol”™ is mtended to cncompass any of the forms of PEG that have been used fo
derivatize other proteins, such as mono (C;~Cuw) alkoxy- or arvioxy-polvethviene glycol or
polyethylene glveol-maleimide.  Tn certain embodiments, the antibodv to be pegvlated 1s an
aglycosylated antibody. Methods for pegylating proteins are known in the art and can be applied to
the antibodies of the disclosure. See, e.g., EPO 154 316 and EP 0 401 384,

[0095] Antibodics of the disclosure can be characterized by their various physical properties, to
detect and/or differentiate different classes thercof.

[0696] For example, antibodies can contain one or more glveosylation sites in cither the light or
heavy chain variable region. Such glycosylation sites may result in increased immunogenicity of the
antibody or an alicration of the pK of the antibody due to alicred antigen binding (Marshall et al (1972}
Annu Rev Biochem 41:673-702; Gala and Morrison (2004} J Immunol 172:5489-94; Wallick et al
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{1988} J Exp Med 168:1099-109; Spiro (2002) Glveobiology 12:43R-56R; Parckh et al (1985) Nature
316:452-7; Mimura et al., (2000} Mol Immunol 37:697-706}. Glycosyvlation has been known to occur
at motifs containing an N-X-5/T sequence. In some instances, it is preferred to have an anti-PD-L1
antibody that does not contain variable region glycosyiation. This can be achieved cither by selecting
antibodies that do not contain the glvcosvlation motif in the vanable region or by mutating residues
within the glycosylation region.

{00%7] In a preferred embodiment, the antibodies do not contain asparagine isomernism sites. The
deamtdation of asparagine may occur on N-G or D-G sequences and result in the creation of an
isoaspartic acid residue that miroduces a kink mio the polvpeptide chain and decreases its stability
{isoaspartic acid effect).

{0098] Each antibody will have a unigue isoelectric point {(pl), which generally falls in the pH range
between 6 and 9.5, The pl for an IgG1 antibody typically falls within the pH range of 7-9.5 and the pl
for an Ig(G4 antibody typically falls within the pH range of 6-8. There 1s speculation that antibodies
with a pl outside the normal range may have some unfolding and nstability under in vivo conditions.
Thus, 1t 13 preferred to have an anti-PD-L1 antibody that contains a pl value that falls 1n the normal
range. This can be achicved ecither by selecting antibodies with a pl in the normal range or by
mutating charged surface residues.

{0099} In another aspect, the disclosure provides nucleic acid molecules that encode heavy and/or
hight chain varniable regions, or CBRs, of the antibodies of the disclosure. The nucleic acids can be
present in whole cells, in a cell lysate, or in a partially punfied or substantially pure form. A nucleic
acid is “isolated” or “rendered substantially pure” when purified away from other cellular components
or other contaminanis, ¢.g., other cellular nucleic acids or proteins, by standard techmiques. A nucleie
acid of the disclosure can be, ¢.g., BDNA or RNA and may or may not contain intronic sequences. fna
preferred cmbodiment, the nucleic acid 1s a ¢cDNA molecule.

{06100} Nucleic acids of the disclosure can be obtained using standard molecular biology techniques.
For antibodies expressed by hybridomas {¢.g., hybridomas prepared from transgenic mice carrying
human immunoglobulin genes as described further below), ¢DNAs encoding the hight and heavy
chains of the antibody made by the hybndoma can be obtained by standard PCR amplification or
¢DNA cloning techniques. For antibodies cbtained from an tmmunoglobulin gene hibrary {e.g., using
phage displayv techniques), a nucleic acid encoding such antibodies can be recovered from the gene
library.

{08161 ] Preferred nucleic acids molecules of the disclosure include those encoding the Vi and Vi
sequences of the PD-L1 monoclonal antibody or the UBRs. Once DNA fragments encoding Vi and
Vi segments arc obtained, these DNA fragments can be further manipulated by standard recombinant
DNA technigues. for example to convert the variable region genes to full-length antibody chain genes,
to Fab fragment genes or to a scFv gene. In these manipulations, a Vi~ or Vu-encoding DNA
fragment is operatively linked to another DNA fragment encoding another protein, such as an
antibody constant region or a flexible linker. The term “operatively linked”, as used 1n this context, is
intended to maean that the two DNA fragments arc joined such that the amino acid sequences encoded

bv the two DNA fragments remain m-frame.
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{60102] The i1solated DNA encoding the Vi region can be converted to a full-length heavy chain
gene by operatively linking the Vg-encoding DNA to another DNA molecule encoding heavy chain
constant regions (U, Car and G}, The sequences of human heavy chain constant region genes are
konown 1o the art and DNA fragments encompassing these regions can be obtained by standard PCR
amplification. The heavy chain constant region can be an IgGl, 1g(32, 1G3, IgG4, IgA, IgE, IgM or
IgP constant region, but most preferably is an IgGl or IgG4 constant region. For a Fab fragment
heavy chain gene, the Vy-encoding DNA can be operatively hinked to another DNA molecule
encoding ounly the heavy chain Cn; constant region.

{86163] The isolated DNA encoding the Vi, region can be converted to a full-length light chain gene
{as well as a Fab light chain gene) by operatively linking the Vi-encoding DNA to ancther DNA
molecule encoding the light chain constant region, Co. The sequences of human hight chain constant
region genes are known in the art and DNA fragments encompassing these regions can be obtained by
standard PCR amplification. In preferred embodiments, the light chain constant region can be a kappa
or jambda constant region.

{88104] To create a scFv gene, the Vy- and Vi-encoding DNA fragments are operatively linked to
ancther fragment encoding a flexible linker, ¢ g, encoding the aming acid sequence (Glv4-5er)3, such
that the Vy and Vi sequences can be expressed as a contiguous single-chain protein, with the Vi and
Vi regions jomed by the flexible Iinker (see ¢.g., Bird er al., (1988) Science 242:423-426; Huston et
al., (1988) Proc. Nafl. Acad. Sci. USA 85:5879-3883; McCafferty ef al.,, (1990) Nature 348:552-554).
{08105} Monoclonal antibodies (mAbs) of the present disclosure can be produced using the well-
known somatic cell hyvbridization (hybridoma} technique of Kohler and Milstemn (1975} Nature 256
495 Other embodiments for producing monoclonal antibodies include viral or oncogenic
transformation of B lymphocytes and phage display technmiques. Chimeric or humanized antibodies
are also well known i the art. See ¢.g., U.S. Pat. Nos. 4,816,567, 5,225,539; 5,530,101, 5,585,089,
5,693,762 and 6,180,370, the contents of which are specifically incorporated herein by reference in
their entirety.

{63106] Antibodies of the disclosure also can be produced in a host cell transfectoma using, for
example, a combination of recombinant DNA technigques and gene transfection methods as 1s well
known 1n the art {e.g., Morrison, §. (1985} Science 229:1202). In one embodiment, DNA encoding
partial or full-length light and heavy chains obtained by standard molecular biclogy technigues is
mserted info one or more expression vectors such that the genes are operatively hnked to
transcriptional and translational regulatory sequences. In this context, the term “operatively limked” 1s
intended to mean that an antibody gene is ligated mto a vector such that transcriptional and
translational control sequences within the vector serve their intended function of regulating the
transcription and translation of the antibody gene.

{08107] The term “regulatory sequence” is intended to include promoters, enhancers and other
expression control elements {(e.g., polyadenylation signals) that control the transcription or translation
of the antibody genes. Such regulatory sequences are described, ¢.g., in Goedde! {Gene Expression
Technology. Methods in Enzymology 185, Academic Press, San Diego, Calif. (1990)). Preferred

regulatory sequences for marmnmalian host cell expression include viral elements that direct high levels
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of protein expression m mammalian cells, such as promoters and/or enhancers derived from
cvtomegalovirus (CMV}Y, Smmuan Virus 40 (8V40), adenovirus, ¢.g., the adenovirus major late
promoter (AdMLP) and polvoma. Altematively, nonviral regulatory sequences can be used, such as
the ubiguitin promoter or P-globin promoter.  Still further, regulatory clements composed of
sequences from different sources, such as the SRo promoter system, which contains sequences from
the 8V40 early promoter and the long terminal repeat of human T cell leukemia virus type 1 (Takebe
et al, (1988) Mol. Cell. Biol. 8:466-472). The expression vector and expression control sequences
are chosen to be compatible with the expression host cell used.

{6G108] The antibody light chain gene and the antibody heavy chain gene can be mserted into the
same or separaie expression vectors. In preferred embodiments, the vanable regions are used to
create full-length antibody genes of any antibody isotype by inserting them mnto expression vectors
afready encoding heavy chain constant and hight chain constant regions of the desired isotype such
that the Vy segment is operatively linked to the Cy scgment(s) within the vector and the Vi segment is
operatively linked to the Cy segment within the vector. Additionally or alternatively, the recombinant
gxpression vector can encode a signal peptide that facilitates secretion of the antibody chain from a
host cell. The antibody chain gene can be cloned into the vector such that the signal peptide 1s Hnked
m-frame to the amino teominus of the antibody chain gene.  The signal peptide can be an
mmunoglobulin signal peptide or a heterologous signal peptide (ic., a signal peptide from a non-
nmunoglobulin protein}.

[0010%9] in addition to the antibody chain genes and regulatory sequences, the recombinant
expression veotors of the disclosure can carry additional sequences, such as sequences that regulate
replication of the vector in host cells {c.g., origins of replication} and selectable marker genes. The
selectable marker gene facilitates selection of host cells into which the vector has been introduced (see,
c.g., US Pat Nos. 4,399216; 4,634,665 and 5,179,017}, For example, typically the selectable
marker gene confers resistance to drags, such as G418, hygromycin or methotrexate, on a host cell
imto which the vector has been introduced.  Preforred sclectable marker genes include the
dihydrofolate  reductase (DHFR) gene (for use in  dbir-host cells with  methotrexate
selection/amplification} and the neo gene (for G418 selection).

{80110] For cxpression of the light and heavy chains, the expression vector(s) encoding the heavy
and light chans 1s transfected into a host cell by standard techniques. The various forms of the term
“transfection” are miended to encompass a wide variety of techmiques commonly used for the
mtroduction of exogenous DNA mnto a prokarvotic or cukaryotic host cell, e.g., electroporation,
calcium-phosphate precipitation, DEAE-dextran transtection and the like. Although it is theoretically
possible to express the antibodies of the disclosure in either prokaryotic or eukaryotic host cells,
expression of antibodies in cukarvotic cells, and most preferablyv mammalian host cells, is the most
preferred because such eukarvotic cells, and 1o particular mammalian cells, are more bikely than
prokaryotic cells to assemble and secrete a properly folded and immunologically active antibody.
{08111] Preferred mammalian host cells for expressing the recombinant antibodies of the disclosure
mchude Chinese Hamster Ovary (CHO cells) (including dhfr- CHO cells, described in Urlaub and
Chastn, {1980} Proc. Natl. Acad. Sci. USA 77:4216-4220, used with a DHFR selectable marker, ez,
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as described in R, §. Kaufman and P. A. Sharp (1982) J. Mol Biol 159:601-621), NSO myeloma cells,
COS cells and SP2 cells. In particular for use with NSO myeloma cells, another preferred expression
system is the G5 gene expression system disclosed in WO 87/04462, WO 89/01036 and EP 338,841,
When recombinant expression vectors encoding antibody genes are introduced mto manunalian host
cells, the antibodies are produced by cultuning the host cells for a period of time sufficient to allow for
expression of the antibody in the host cells or, more preferably, secretion of the antibody into the
culture medium in which the host cells are grown. Antibodies can be recoversd from the culture
medium using standard protein purification methods.

{6G112] The antibody or antigen binding portion thereof of the disclosure may be conjugated to a
therapeutic agent to form an immunoconjugate such as an antibody-drug conjugate (ADC). Suitable
therapeutic agents include cytotoxins, alkylating agents, DNA minor groove binders, DNA
itercalators, DNA crosslinkers, histone deacetvlase mhibitors, nuclear export inhibitors, proteasome
inhibitors, topoisomerase 1 or 1 inhibitors, heat shock protein inhibitors, tyrosine kinase inbibitors,
aniibiotics, and anti-mitotic agents. In the ADC, the antibody and therapeutic agent preferably are
conjugated via a linker cleavable such as a peptidyl, disulfide, or hydrazone linker. More preferably,
the hinker is a peptidy! linker such ag Val-Cit, Ala-Val, Val-Ala-Val, Lys-Lys, Ala-Asn-Val, Val-Leu-
Lys, Ala-Ala~Asn, Cit-Cit, Val-Lys, Lys, Cit, Ser, or Glu. The ADCs can be prepared as described in
U8, Pat. Nos. 7.087.600; 6989452, and 7.129.261; PCT Publications WO 02/096910; WO
(7/038,638;, WO 07/051,081;, WO 07/059,404;, WO 08/083.312; and WO 08/103,693; U.S. Paient
Publications 20060024317, 20060004081; and 20060247295; the disclosures of which are
incorporated herein by reference.

{00113] In another aspect, the present disclosure features a bispecitic molecule comprising the
antibody or antigen binding portion thereof of the disclosure linked to at least one other functional
molecule, ¢.g., ancther peptide or protein {¢.g., another antibody or ligand for a receptor) to generate a
bispecific molecule that binds to at least two different binding sites or target molecules. Thus, as used
herein, the “bispecific molecule” includes molecules that have three or more specificitics.

{631 14] The bispecific molecules may be wn many different formats and sizes. At one end of the size
spectrum, a bispecific molecule retains the traditional antibody format, except that, mstead of having
two binding arms of wlentical specificity, 1t has two binding amns each having a different specificity.
At the other extreme arc bispecific molecules consisting of two single-chain antibody fragments
{scFv's) linked by a peptide chaimn, a so-called Bs{sckv} 2 construct. Intermediate-sized bispecific
molecules include two different F{ab) fragments linked by a peptidvl linker. Bispecific molecules of
these and other formats can be prepared by genetic engineering, somatic hybnidization, or chemical
methods. See, e.g., Kufer et al, cited supra; Cao and Suresh, Bioconjugate Chemistry, 9 (6), 635-644
{1998}, and van Spriel e al., Immunology Today, 21 (8), 391-397 (2000}, and the refercunces cited
theren.

{88115] The disclosure provides a chimeric antigen receptor comprising an anti-PD-L1 single chain
variable fragment (scFv) comprising the heavy and light chain variable regions and/or CDRs of the

disclosure.
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{63116] The chimeric antigen receptor may comprise (a) an extracellular antigen recognition domain
containing the anti-PD-L1 scFv, (b) a transmembrane domain, and (¢) an intraceliular signaling
domain.

{00117] An oncolytic virus preferentially infects and kills cancer cells. The antibody or antigen
binding portion thereof of the disclosure may be used in conjunction with the oncolytic virus.
Alternatively, an oncolytic virus encoding the antibody or antigen binding portion thergof of the
disclosure can be introduced inio human body.

{00118} In another aspect, the present disclosure provides a pharmaceutical composition comprising
the antibody or antigen binding portion thereof, the immunoconjugate, the bispecific molecule, the
mnmune cell carrying the chimeric antigen receptor, the oncolytic virus, the nucleic acid molecule, the
expression vector, and/or the host cell of the presemt disclosure formmuilated together with a
pharmaceutically acceptable carrier. The composition may opticnally contain one or more additional
pharmaceutically active ingredients, such as an anti-fumor agent, an anti-infoctive agent, or an agent
for immunity enhancement. The pharmaceutical composition of the disclosure may be admunistered
i a combination therapy with, for example, an anti-tumor agent, an anti-infective agent, or an agent
for immunity enhancement.

{06119] The pharmaceutical composition may comprise anv nuwmber of excipients. Excipients that
can be used mclude cammers, surface active agents, thickening or emulsifying agents, solid binders,
dispersion or suspension aids, solubilizers, colorants, flavoring agents, coatings, disintegrating agents,
lebricants, sweeteners, preservatives, isotonic agents, and combinations thereof The selection and
use of suitable cxcipicnts is taught n Gennaro, ed., Remington: The Science and Practice of
Pharmacy, 20th Ed. (Lippincott Williams & Wilkins 2003}, the disclosure of which is incorporated
herein by reference.

{00120] Preferably, the pharmaceutical composition is suitable for intravenous, intramuscular,
subcutancous, parenteral, spinal or epidermal admmistration {(e.g. by injection or infusion).
Depending on the route of admnistration, the active ingredient can be coated in a material to protect it
from the action of acids and other natural conditions that may inactivate it. The phrase “parenteral
admimistration” as used herein means modes of administration other than enteral and topical
administration, usually by injection, and includes, without limitation, mtravenous. mtramuscular,
mtraarterial, intrathecal, intracapsular, idraorbital, mtracardiac, intradenmal, intraperitoneal,
transtracheal, subcutancous, subcuticular, mtraarticular, subcapsular, subarachnoid, intraspinal,
epidural and intrasternal injection and infusion. Altermnatively, an antibody of the disclosure can be
administered via a nom-parenteral route, such as a topical, epidermal or mucosal route of
adounistration, ¢.g.. intranasally, orally, vaginally, rectally, sublingually or topically.

{86121 The pharmaceutical composition may be m the form of a sterile agueous solution or
dispersion. The pharmaceutical composition may also be formulated in a microemulsion, hiposome,
or other ordered structure suitable for high drug concentration.

{80122] The amount of the active ingredient which can be combined with a carrier material to
produce a single dosage form will varv depending upon the subject being treated and the particular

mode of admimstration and will generally be that amount of the composition which produces a
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therapeutic effect. Generally, out of one hundred percent, this amount will range from about 0.01% to
about 99% of active ingredient in combination with a pharmaceutically acceptable carrier.

{06123} Dosage regimens are adjusted to provide the optimum desired response {c.g., a therapeutic
response).  For cxample, a single bolus can be admunistered, several divided doses can be
administered over time or the dose can be proportionally reduced or increased as indicated by the
gxigencies of the therapewtic situation. It 1s especially advantageous to formulate parenteral
compositions in dosage unit form for ease of administration and uvniformity of dosage. Dosage unit
form as used herein refers to physically discrete units suited as unitary dosages for the subjects to be
treated; each unit contains a predetermimed quantity of active ingredient calculated to produce the
desired therapeutic effect i association with the required pharmaceutical carrier.  Altematively,
antibody can be administered as a sustained release formulation, m which case less frequent
administration 1 required.

{00124] For admmistration of the antibody or antigen binding portion thercot, the dosage may range
from about 0.0001 to 100 mg/kg bodv weight. An exemplary treatment regime entails adnunistration
once per week. Preferred dosage regimens for an anti-PB-L1 antibody of the disclosure include
mtravenous administration.

{00125] A “therapeutically effective dosage™ of an anti-PD-L1 antibody of the disclosure preferably
results in a decrease n sevenity of disease symptoms, an increase in trequency and duration of discase
symptom-free periods, or a prevention of impatrment or disability due to the disease affliction. For
example, for the treatment of tumor-beanng sabjects, a “therapeutically effective dosage™ preferably
mhibits tumor growth by at least about 20%, more preferably by at least about 40%, even more
preferably by at least about 60%, and still more preferably by at least about 80% relative to untreated
subjects. A therapeutically effective amount of a therapeutic antibody can decrease tumor size, or
otherwise ameliorate symptoms in a subject, which is typically a human or can be another mammal,
{80126] The phammaceutical composition can be a controlled release formulation, including implants,
transdermal patches, and wicroencapsulated delivery systems.  Biodegradable, biocompatible
polymers can be used, such as ethvlene vinvl acetate, polyanhvdrides, polyglveolic acid, collagen,
polyorthoesters, and polvlactic acid.  See, ¢.g., Sustained and Controlied Release Drug Delivery
Systems, J. R, Robinson, ed., Marce!l Dekker, Inc., New York, 1978,

{06127] Therapeutic compositions can be adounistered via medical devices such as (1) needieless
hyvpodermic injection devices (e.g., LS. Pat. Nos. 5,399,163; 5383851, 5,312,335, 5,064,413,
4941 880; 4,790,824, and 4,596,556}, (2} micro-infusion pumps (U5, Pat. No. 4487603}, (3)
transdermal devices (U.S. Pat No. 4,486,194); (4) infusion apparatuses (U8, Pat Nos. 4,447 233 and
4,447 .224); and (5) osmotic devices {(U.S. Pat. Nos. 4,439,196 and 4,475,196); the disclosures of
which are mcorporated hercin by reference.

{08128] In certain embodiments, the monoclonal antibodies of the disclosure can be formulated to
ensure proper distribution in vivo. For example, to ensure that the therapeutic antibody of the
disclosure cross the blood-brain barrier, they can be formulated in liposomes, which may additionally
comprise targeting moieties to enhance selective transport to specific cells or organs. See, ¢.g. U.S.
Pat. Nos. 4522811, 5,374,548, 5,416,016, and 5399331, V. V. Ranade (1989 J
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Clin. Pharmacol 29.6853; Umezawa ef al, (1988 Biochem. Biophys. Res. Commun. 153:1038;
Bloeman er ¢l, (1995) FERS Lert 357:140; M. Owais et al., (1995} Antimicrob. Agents Chemother.
39:180; Briscoe ef af., (1995} Am. J. Physiol. 1233:134; Schreier et al, (1994) J. Biol Chem.
269:9090; Kemanen and Laukkanen (1994) FERS Letr. 346:123; and Killion and Fidler (1994}
Tmmunomethods 4273,

{88129] The phanmaceutical composition of the disclosure may have numerous in vitro and in vive
utifities involving, for example, treatment and/or prevention of cancers and infectious diseases. The
phammaceutical composition of the disclosure may be administered o human subjects, to inhibit tumor
growth, or reduce or eliminate pathogens.

{08138] Given the ability of anti-PD-L1 antibodies of the disclosure to inbubit proliferation and
survival of cancer cells, the disclosure provides methods for mhibiting growth of tamor cells in a
subject comprising administering to the subject the pharmaceutical composition of the disclosure such
that growth of the tumor is inhibited in the subject. Non-limiting examples of tumors that can be
treated by antibodies of the disclosure include, but not limited to, melanoma, non-small cell fung
cancer, renal cell carcinoma, Hodglan lymphoma, bladder cancer, head and neck cancer,
neuroendocrine fumor, mantle cell lymphoma, diffuse large B-cell lymphoma, and follicular
Iymphoma, onginal and/or metastatic.  Additionally, refractory or recurrent malignancies may be
mhibited using the pharmaceutical composition of the disclosure.

{06131} In another aspect, as the pharmaceuatical composition of the disclosure may reduce or
chiminate the pathogens, the disclosure provides a method for treating an infecticus disease i a
subject in need thereof, comprising adminisiering to the subject the pharmaceutical composition of the
disclosure. The mfoctious disease may be caused by viral, bactenal, fungal, or mycoplasma mfection.
The mfectious discase may be a chronic hepatitis B virus (HBV), hepatitis C virus (HCV), human
immunodeficiency viras (HEV), or simian immunodeficiency virus (8IV) infection.

{80132] In another aspect, the disclosure provides methods of combination therapy in which the
pharmaceutical composition of the disclosure is co-administered with one or more additional
antibodies or non-antibody agents that are effective in inhibiting tumor growth 1o a subject. In one
embodiment, the disclosure provides a method for inhibiting tumor growth in a subject comprising
administenng to the subject the pharmaceutical composition of the disclosure with one or more
additional antibodies, such as an anti-VISTA antibody, an anti-LAG-3 antibody, an anti-PD-1
antibody and/or an anti-CTLA-4 antibody. The pharmaceutical composition of the disclosure may be
used in combimation with a chemotherapeutic agent, which is toxic to cells. Other therapies that may
be combined with anti-PD-L1 antibody mchides, but not bmited to, interleukin-2 (IL-2)
administration, radiation, surgery, or hormong deprivation. In certain embodiments, the subject is
buman.

{63133] The pharmaceutical composition of the disclosure may be used in combination with one or
more other antibodies or non-antibody agents, to effectively reduce or eliminate pathogens in a
subject, such as viruses, bacteria, fungi, or mycoplasmas. For example, the pharmaceutical
coraposition of the disclosure may be used with an anti-infectious agent, including, but not limited to,

an anti-virus agent, an anti-bacterial agent, an anti-fungal agent, and an anti-mycoplasma agent.
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{63134] The combination of therapeutic agents discussed herein can be admimstered concurrently as
a single composition in a phammaceutically acceptable carrier, or concurrently as separate
compositions with gach agent in a pharmaceutically acceptable carrier. In another embodiment, the
combination of therapeutic agents can be administered sequentially.

{08135} Furthermore, if more than one dose of the combination therapy is administered sequentially,
the order of the sequential administration can be reversed or kept in the same order at each time pomnt
of administration, sequential administrations can be combined with concurrent administrations, or any
combination thercof.

{603136] The present disclosure is further iHlustrated by the following examples, whuch should not be
construed as further bmiting. The contents of all figures and all references, Genbank sequences,
patents and published patent applications cited throughout this apphcation are expressly incorporated
herein by reference.

Examples

Example 1. Construction of HEK 2934 cell lines stably expressing human. monkey or mouse PD-L 1

{06137} Cell hines stably overexpressing human, monkey or mouse PD-L1 were constracied using
HEK293A cells {Cobicer, NJ, China). Brefly, ¢DNA sequences respectively encoding human,
monkey and mouse PD-L1 proteins (amino acid sequences set forth in SEQ 1D NOs: 35, 36 and 37,
respectivelv) were synthesized, and then subcloned into pLV-EGFP(ZA)-Puro vectors. Lentiviruses
were generated in HEK-2937T cells (Cobioer, NI, China) by cotransfection of pLV-EGFP{2A}-Puro-
PD-L1, psPAX and pMD2Z.G plasmids, according to the instruction in Lipofectamine 3000 kit
{Thermo Fisher Scientific, US). Three days post cotransfection, the lentiviruses were harvested from
the cell cubture medium (DMEM mediwm (Caté: SH30022 .01, Gibeo) with 10%FBS (Cat#: FND300,
Excell)). Finally, HEK293 A cells were infected with the lentiviruses to generate HEK293A cell hines
stably expressing human, monkey and mouse PD-L1 respectively, namely HEK293A/human PD-L1
cells, HEK293A/monkey PD-L1 cells and HEK293A/mouse PD-L1 cells. Transfected HEK293A
cells were then cultured in medium (DMEM+10%FBS) containing 0.2 pg/ml puromycin
(Cat#:A11138-03, Gibeo) for 7 days. The expressions of human PD-L1 and cynomoelgus PD-L1 were
confirmed by FACS using a commercially available anti-PD-L1 antibody (PE anti-human PD-L1
Antibody, Cat#:393607, Biolegend, US). Similarly, the expression of mouse PD-L1 was confirmed
by FACS using a commercially avadable anti-mouse PD-L1 antibody (PE anti-mouse PD-L1
Antibody, Cat#:124307, Biolegend, US).

Example 2. Generation of hyvbndoma cell hines producing monoclonal mouse antibodies against
human PD-L1

{00138] Murine anti-human PD-L1 monoclonal aotibodics (mAbs) were generated using the

conventional hybridoma fusion technology with some modifications as follows.

Tmmunization

{08139] Ten BALB/c mice (Beging Vital River Laboratory Animal Technology Co., Ltd, Beijing,
China} were injected with recombinant homan PD-L1 (ECD)-hFc (Cath 10084-HOZH, Smmo
Biological, CN}) and recombinant cynomolgus PD-LI(ECD)-h¥Fc (Cat#:90231-COZH, Sino Biological,
CN} following the scheme in Table 2 below. The human PD-L1 (ECD)-hFc and cynomolgus PD-L1
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(HCD)-hFc were emulsified by sonication with an equal volume of Complete Freund’s Adjuvant
(Cat# F5881-10* 10ML, SIGMA, US), Incomplete Freund’s Adjuvant {Cat# F5506-6* 10ML, SIGMA,
US}, or PBS.

Table 2. bumunization scheme

Primary 1st Boost Znd Boost 3rd Boost Final Boost

Day 0 14 28 42 36

, o - (HCD)-hFc
Human PD-L1Homan PD-LUCynomolgus PB-Human PD-L1| \
Immunogen X \ , (25 pg/mouse)
{(ECD)-hic {(ECD)-hFe L1 (ECD)-h¥Fc {(ECD)-hic

Cynomolgus  PD-L1

and dose (50 pg/ 3 150 g 31650 g ) (50 pg/ )
50 pg/mouse) (30 ng/mouse) (30 pg/mouse 50 ug/mouse
HS H3 Ha he Human PD-LI(ECD)-
hEc {25 ug/mouse)
. Compiete Incomplete Incomplete Incomplete ,
Adjuvant . , } - } . - PBS
Freund’s Freund's Freund’s Freund's
_ . |intraperitoneal | ) ) Intravenous  injection
Immunization], = . Lp. IR 1.p. L
mjection {1.p.) (1v.)

{86140] One week after each boost, 50 pl murine serum was collected from each mouse for titer
determination by ELISA using the recombmant human PD-L1 (ECD})-his {Cat#:10084-HO8H, Sino
Biological, CN} and cyno PD-L1 (ECD}-hFc (Cat#:90251-C0ZH, Sino Bislogical, CN). Titer
determination was also done by FACS using HEK293A cells respectively overexpressing human PD-
L1, cynomolgus PD-L1 and mouse PD-L1 as prepared in Example 1.

{06141] Based on the ELISA and FACS results after the final boost, all the ten nuce were used for
hvbridoma cell line generation.

Generation of hybridoma cell lines

{06142] Hybridoma cell lines were generated using the conventional hvbridoma fusion technology
with minor modifications as follows.

{60143] Four days after the final boost, mice were sacrificed, and spleens were collected and
prepared as single cell suspensions in PBS. The splecnocytes were washed for three times with
DMEM medium (Cat#:SH30243.018, Hyclone, US). Viable mycloma cells SP2/0 (CRL-13581,
ATCC, US) at the log-phase were mixed with the murine spleenocytes at a ratio of 1:4. The cells
were then washed twice and then cell fusion was performed with PEG (Cat#: P7181, Sigma, US). The
post-fusion cells were washed with DMEM medivm for throe times and suspended m cell growth
medium (RPMI medium 1640 (Cat#:C22400500CP, Gibco)) supplemented with 10% FBS and 1X
HAT (Cat#tH0262, Sigma). The cell suspensions were plated onto 96 well ecll culture plates, 200 pd
per well, containing about 5x 10" cells, and incubated in a 37°C hunudified 5% CO, incubator for 7
davs. Then, the growth medium was replaced by fresh one supplemented with 10% FBS and 1X HAT.
Two to three days later, cell colture supernatants were collected for hybridoma cell screening by
ELISA and FACS.

Screening of hybridoma cell lines by ELISA
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{60144] High-throughput ELISA binding assay was performed to screen for hybridoma clones
producing monoclonal antibodies binding to human PD-L1, usimng human PD-L1 (ECD}-his
{Cat#:10084-HOSH, Sino Biological, CN). The hybridoma clones that produced antibodies binding to
buman PD-L1 were further tested for their abilttics to cross-react with cynomolgus PD-L1 using
cynomolgus PD-L1 (ECD)-hFc (Cat#:90251-CO2H, Smo Biological, CN).

{60145] With the ELISA assays, 249 hybridoma clones were identified to have specific binding to
both human and monkey PD-L1.

Screening of hybridoma cell lines by FACS

{00146] The 249 hybridoma clones were further tested for their binding capabilitics to human,
cynomolgus and mouse PD-L1s expressed on HEK293A cclls, using the HEK293A/human PD-L1
cells, HEK293A/monkey PD-L1 cells and HEK293A/mouse PD-L1 cells as prepared in Example 1.
{00147] Based on the FACS screening, 88 positive clones were obtained that displayed high binding
capabilitics to both HEKZ293A/human PD-L1 cells and HEK 293 A/monkey PD-L1 cells.

Subcloning of hybridoma clones producing anti-PD-L1 antibodies

{08148] The 88 hybridoma clones were subject to 2 rounds of subcloning. During the subcloning,
multiple subclones (8>3} from cach parent clone were selected and tested by ELISA and FACS assays
as described above. The subclones selected through this process were defined as hybridoma cclis
producing monoclonal antibodies. Finally, 79 subclones {one subclone from each parent clone)
having high binding capabilities to both human and monkey PD-L1 were obtained.

Example 3. Punfication of mouse anti-PD-L1 monoclonal antibodies

[0014%] From 79 clones obtained in Example 2, 10 with relatively high binding capabilities to human
and monkey PD-L1s were further characterized. Monoclonal mouse antibodies from the 10 clones
were firstly purified. Brnefly, hybnidoma cells of cach subclone were grown i T175 ecll culture
flasks ecach having 100 ml fresh serum-free medium (Cat#: 12045-076, Gibeo, US) with 1% HT
supplement (Cat#:11067-030, Gibco}. Cell cultures were kept for 10 days in an incubator with 5%
COy at 37°C. Cell cultures were collected and subject to centrifugation at 3500 rpm for 5 munutes
followed by filiration using a 0.22 wm capsule to remove the cell debns. Monoclonal antibodics were
then purified using a pre-equilibrated Protein-A affinity column (Cat#:17040301, GE, US) and eluted
with elution buffer (20 mM citrc acid, pH3.0-pH3.5). Then, antibodies were kept in PBS buffer (pH
7.0}, and their concentrations were determined using a NanoDirop instrument.

{08150} The isotype of cach purified antibody was determined by using Rapid Isotyping Kit with
Kappa and Lambda-Mouse (Cat#:26179, Thermal, US) and Mouse Monoclonal Antibody Isotvping
Reagents {Cat# 1502-1KT, Sigma, US), following the manufacturer’s manuals.

{06151 ] Most clones, meluding 3C2 and 56ES, produced IzGl/kappa antibodics, while the remaining
ones produced IgG2a/kappa or IgG2b/kappa antibodies. The expression titers for clone 3C2 and 36ES
were 6.3 mg/L and 7.8 mg/L, reapectively.

Example 4. Mouse anti-PD-L1 monoclonal antibodies bound to human and monkev PB-Lis
expressed on HEK293A Celis

{86152] To determine whether the anti-PD-L1 antibodies bound to human, monkey or mouse PD-L1s

gxpressed on HEK293A cells, a cell-based binding assay was performed by FACS using the
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HEK293A cells stably overexpressing human, monkey and mouse PD-L1s respectively as generated
in Example 1. Briefly, 10° HEK293A cells in 100 ul culture medium were seeded onto each well of
the 96-well plates, to which added 50 pl serially diluted anti-PB-L1 antibodies. After incubated at 4°C
for 1 hour, platcs were washed 3 times with PBST. Then, APC coupled Goat Anti-Mouse IgG
{Cat#:405308, BioLegend, US) diluted 500x was added to the plates. After incubation at 4°C for 1
hour, the plates were washed with PBS for 3 times and then cell fluorescence was monitored using a
FACS machine (BD).

{00153} All of the mouse anti-PD-L1 monoclonal antibodics showed high binding capabilitics to both
human and monkey PD-L1is, but did not bind mouse PD-L1. ECs values of the representative
antibodies were summarized in Table 3 below.

Table 3. Binding capabilities of mouse anti-PD-L1 antibodies to human, monkey and mouse PD-L1
mAb | FACS (ECso: M)
HEK293A/human PD-L1 | HEK293A/monkey PD-L1 | HEK293A/mouse PD-L1

32 1.73E-9 1.23E-9 No binding
56 E3 | 5. 7T2E-10 4.99E-10 No binding

Example 5. Epitope binning

{00154] For epitope binning, a competition ELISA assay was performed.  Briefly, 96-well plates
were coated with 0.5 ug/ml Human PIRLT (ECD)-His (Cat#: 10084-HO8H, Sino Biological, CN), 100
pl per well, at 4°C overnight. The wells were blocked with 200 pl blocking buffer (PBS containing 1%
BSA, 1% goat serum and 0.05% Tween 20) for 2 hours at room temperature.  Atezolizumab, prepared
using the amino acid sequences disclosed i WO02020226986 with human [gGUN297A)kappa
constant  regions, Avelomab, prepared using the amino ackd sequences disclosed
WO2013079174A1 with human ig(G1/kappa constant regions, Durvalumab, prepared using the amino
acid scguences disclosed m US20190276543A1 with buman IgGI{L234F, L235E, P3318ykappa
constant regions, and anti-Hel antibody (Cat#: L T12031, LifeTein, US) were respectively diluted o 3
pug/mi, and added to the plates, 100 i per well. The plates were mcubated for 1 hour at room
temperature, washed for 3 times with PBST, added with 100 ul 1 pg/ml antibodies of the disclosure,
and incubated for 1 hour at room temperature. The ELISA plates were washed for 3 times with PBST,
added with anti-mouse Fo-HRP (Cat# A9309-1MC, Sigma, US) diluted at 1:26000, and incubated for
1 hour at room temperature. Plates were washed by PBST for 3 times, and developed with freshly
prepared Ultra-TMEB (Cat#. TMB-S-003, Huzhoo Yingchuang, CN) for 5 minstes at room temperature.
The absorbance was measured in a microplate reader (Thermo Multiscan FC) at 450 nm,

{0061 53] Nine mouse antibodics, including those from clone 3C2, did not compete with atczohizumab,
avelumab or durvalumab over eptiope binding, indicating that thev bound to different epitopes
compared to the reference antibodies. The antibodies from clone 56E5 competed with all threc
reference antibodies over epitope binding, indicating that the 536E3 antibodies bound to same or
stmilar epitopes as the references did.

Example 6. Mouse anti-PD-L1 antibodics mhibited PD-1-PD-L1 interaction

{88156] As reported, PD-1 is the receptor for PD-L1. A celi-based blocking assay was performed by

FACS to measure the antibodies™ blocking capabiliies on PD-1-PD-L1 interaction, using the
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HEK293A cells stably overexpressing human PD-L1 as generated in Example 1. Briefly, 10°
HEK293A/human PB-L1 cells in 100 1l culture medium were seeded onto sach well of 96-well plates,
to which added 50 ul serially dibuted ant-PD-L1 antibodies. After incubated at 4°C for 1 hour, the
plates were washed 3 times with PBST. Then, 200 pg/mt PD1-hFc proteins {(Cat#:10377-HO2H, Sino
Biological, UN} were added into the plates, 100 pl per well. After tncubation at 4°C for | hour, the
plates were washed with PBST for 3 times, and added with PE coupled Goat Anti-human IgG
{Cat# PAL-86078, Thermofisher, US) diluted 500x. After incubation at 4°C for 1 hour, the plates
were washed with PBST for 3 times and then cell fluorescence was monifored using a FACS machine
(BD).

{06157} The data showed that only two antibodies were not capable of blocking PD-L1-PD-1
mteraction, the remaining eight, including 3C2 and 36E3, blocked PD-L1-PD-1 interaction. ECs
values of the representative antibodies were sommarized in Table 4

Table 4. Blocking capahilitics of mouse anti-PD-1L.1 antibodies on PD-L1-PD-1 nteraction

mAb PD-L1-PD-1 blocking assay ECso (M)
Atezolizumab PASE-1
32 147E-11
56E5 1.OOE-11

Example 7. Mouse anti-PDL 1 antibodies promoted T cell activaiion

{001 58] The effect of mouse anti-PDLI antibodies on APC-mediated T cell activation was studied in
a mixed lymphocyte reaction {(MLR) assay.

{08159} Briefly, PBMCs were collected from ong healthy human donor’s blood sample by density
gradient centrifugation, and then re-suspended m RPMIT640 medium. PBMCs were culiured in a
37°C incubator for 2 hours, and cells adhered to container walls were collected as isolated monocyies.
The monocytes were cultured i RPMII640 medium supplemented with 10% FBS, 100 ng/ml
recombinant human GM-CSF {Cat#.7954-GM, R&D, US) and 100 ng/mi recombinant buman 1L-4
{Cat#.6507-1L, R&D, US). Three days later, half of the medium was replaced with fresh one. On day
6 of culturing, the culture medium was replaced by fresh medinom containing 100 ng/ml recombinant
human GM-CSF, 100 ng/ml recombinant human 1L-4, 10 ng/ml thTNF-o (Cat#:210-TA-100, R&D,
US}, 1600 U/ml thiL-6 (Cat#: 7270-1L-025, R&D, US}, 1 ug/ml PGE2 (Cat#:363-24-6, TOCRIS, US)
and 10 ng/ml IL-1B (Cat#:210-LB-025, R&D, UK}, The cclis were cultured for another 2 days. Then,
PBMCs from another healthy human donor’s blood sample were collected by density gradient
centrifugation and then re-suspended in RPMI1640 medium. (D4 T cells were isolated from the
PBMCs using Invitrogen Dynabeads Untouched Human D47 T cells isolation kit (Cat#:11346D,
Thermal Fisher Scientific, US), according to the manufacturer's instructions. The dendritic cells from
the first donor and the CD47 T cells from the second donor were seeded on 96 well U-bottom plates
respectively at 2. 5710 cells/well and 5x10° cells/well, in a total of 150 w culture medium per well.
The plates were added with 50 pl anti-PD-L1 antibodies (0.1-10 pg/mi), or the anti-Hel control
(Cat# LT12031, LifeTein, US), and further incubated for 72 hours. IFN-y conceniration was
determuned by an ELISA kit (Cat# SIF350, R&D, US) following the manufacturer’s protocol. The

assay was done in triphcate.
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{60168] As shown in FIG. | (A), highest IFN-y levels were detected in wells treated with 3C2 and
56ES antibodies. These antibodies increased IFN-y secretion by T cells compared to anti-Hel isotype
control, in a dose dependent manner (FIG. 1 (B)).

Example 8. Expression and purnification of chimenc anti-PD-L 1 antibodies

{00161] The 3C2 and 56E35 antibodies were further studied. The heavy/hight chain variable region
sequences of the two antibodies were cloned from hybridoma cells asimg the standard PCR method
with g set of pnmers as describes in literatures (Juste ef af., (2006}, Anal Biochem. 349(1}1:159-61),
and sequenced. The sequences were summarized in Table 1 and Table 8. Expression vectors were
constructed by mnserting the sequences encoding the variable region sequences plus human
1eGHN297 A kappa constant region sequences (amino acid sequences of heavy chain constant region
and light chain constant region set forth in SEQ ID NQOs: 33 and 34, respectively) inte Xhol/BamHI
restriction sites of pCBNA3 1 (Invitrogen, Carisbad, US).

[00162] The cxpression vectors were PEI transfected mto HEK-293F cells {Cobioer, NI, CN}. In
specific, HEK-293F cells were cultured in Free Style™ 293 Expression Medium (Cat#:12338-018,
Gibeo) and transfected with the expression vectors using polyethylencinimine (PED at a DNAPE]
ratio of 1.3, 1.5 ug DNAs per millimeter of cell medium. Transfocted HEK-293F cells were cultured
i an incubator at 37°C under 3% CO, with shaking at 120 RPM. After 10~12 days, supematants were
harvested and monoclonal antibodies were purified as desenbed in Example 3.

Example 2. Chimernic anti-PD-L1 monoclonal antibodies bound to human and monkey PD-L1s

{08163} The chimeric anti-PD-L1 antibodies were further characterized for their abilities of binding
to buman PD-L1, monkey PD-L1 and mouse PD-L1. Bricfly, ELISA plates were coated with 300
ng/mi human PD-L1 (ECD)-his (Cat#: 10084-HOBH, Sino Biclogical, CN), 100 ul per well, at 4°C
overmight. The wells were blocked with 200 1l blocking buffer (PBS contaiming 1% BSA, 1% goat
serum and 0.05% Tween 20) for 2 hours at room temperature, added and incubated with 100 il
serially diluted anti-PD-L1 antibodies (starting at 40 ug/ml} for 1 hour at room temperature. The
plates were washed for 3 times with PBST (PRS+0.05% Tween 20), added with Goat-anti-human
IsG-HRP (Cat#:31410, Thermal, US) dituted 5000X, and incubated for | hour at rcom temperature,
Plates were developed with freshly prepared Ultra-TMB (Cat#:355214, BD, US) for 5 mimutes at
room temperature. Absorbance was read on a SpectraMax® i3X reader {Molecular Devies, US) at 450
nm,

{86164] Species-cross~reactivities of the anti-PD-L1 mAbs to monkey or mouse PD-L1s were further
assessed by direct ELISA. Briefly, 96-well ELISA plates were coated with 500 ng/m! monkey PD-L1
(ECD)-hus (Cat#:90251-CO8H, Sino Bislogical, CN} or mouse PD-L1 (ECD)-his (Cat#:50010-MORH,
Sino Biological, N}, 100 ul per well, then added and incubated with 100 wl senally diluted anti-PD-
L1 antibodics (starting at 40 pg/ml). The plates were then added and incubated with Goat anti-human
IgG conjugated with HRP (Cat#:31410, Thermal, US) for 1 hour at room temperature. Plates were
developed with freshly prepared Ultra-TMB {(Cat#:555214, BD, US} for 5 munutes at room
temperature, and absorbance was read on a SpectraMax® 13X reader (Molecular Devies, US) at 430

nm. Atezolizumab was used as a reference antibody.

31



CA 03208621 2023-07-18

WO 2022/193561 PCT/CN2021/115301

{00165] The ECso values of the representative antibodies in the binding capability tests were
summarized in Table 5. The data showed that all the chimeric antibodies had high binding
capabilities to buman and monkey PD-Lis, but did aot bind mouse PD-L1. The binding capabilities
of the chimeric 3C2 and 56ES antibodies were comparable to those of their parent antibodics and
higher than that of atezolizumab.

Table 5. Binding capabilitics of chimeric anti-PDLT mAbs to human, monkey and mouse PD-L1

ELISA (ECso: M)
mAb

human PD-LI(ECD)-his | monkey PD-L1 (ECD)-his | mouse PD-L1-his
3C2 456 B-11 1.72 E-10 Mo binding
56ES 348 E-10 2.05 E-9 No binding
Atezolizumab | 8.79 E-11 6.28 E-9 1.02 B9

{00166] The antibodies were also tested for their binding capabilities to HEK293A/human PD-L1
cells, HEK293A/monkey PD-L1 cells and HEK293A/mouse PD-L1 cells as generated in Example 1,
followmg the protocol of Example 4. The test results were shown in FIG. 2.

{00167} As shown in FIG. 2, the chimeric antibodies had high binding capabilitics to both human
PD-L1 (FIG. 2 (A)) and monkey PD-L1 (FIG. 2 (B)), but did not bind to mouse PD-L1 (F1G. 2 (C)).

Example 16. Clumernic anti-PD-L 1 monoclonal antibodies inhibited PD-L1-PD-1 interaction

{08168] The chimeric anti-PD-L1 antibodics were further characterized for their blocking abilities on
PD-1-PD-L1 ioteraction, using the HEK293A/human PD-L1 cells as generated in Example 1,
following the protocol of Example 6. The test results were shown in FIG. 3.

{86169] According to FIG. 3, the chimenc antibodies evidently blocked PD1-PD-L1 interaction, with
chimeric 56E3 showing the best blocking eftect, which was better than that of atezolizumab.

Example 11. Chimeric anti-PD-L 1 monoclonal antibodies nromoted T cell activation

{86170] These chimeric antibodies were further tested for their abilities to stimulate T cell response
in a 'l cell function assay according to the protocol of Example 7. IFN-y levels were deternuned using
a commercially available kit (Cat#: STAQOC, R&D, US), following the manufacturer's instruction.
{60171] As shown in FIG. 4, all the tested chimeric antibodies promoted T cell activitics, with
moreased FFN-y seorction. The chimeric 56ES antibody was more potent in T cell activation than
atczolizumab at a low dose, e.g., .01 pg/ml.. The chimeric 3C2 antibody’s capahlity in T ccll
activation was higher than atezolizumab at all test doses.

Example 12. Humanization of anti-PD-L 1 antibodies

{80172] Based on the assays above, 3C2 and S6ES5 were humanized and further investigated.
Humanization of the murnne antibodics was conducted using the well-established CDR-grafting
method (U.S. Pat. No. 5,225,539, mcorporated herein by reference in its entirety) as described in
detail below.

{80173] To select acceptor frameworks for humanization of murine antibodies 3C2 and 36ES5, the
hight and heavy chain variable region sequences of 3C2 and 56E5 were blasted against the human
mmmunoglobulin gene database m NCBI website (hitp:// www nchi nlmonih. gov/igblast’). The human

germline IGVH and IGVK with the lighest homology to 3C2 and 36E3 were selected as the acceptors
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for humanization. For 3C2, the human heavy chamm acceptor selected was IGHV1-46%01, and the
human hght chain acceptor selected was IGKVI1-33%01. For 56E5, the human heavy chain acceptor
selected was IGHV4-31*02, and the buman Hght chain acceptor selected was IGKV4-1*%01.

{06174] The three dimensional structures were simulated for variable domains of 3C2 and 36ES3, in
order to identify key framework residues that might be plaving important roles in supporting CDR
loop structures, thus designing back mutations in humamzed antibodies.

{80173] Based on the structural modeling as described above, 10 potential back-mutations {(M481,
M70L, R72V, R87T, R38K, A40R, T28S, YO3F, R67K, V68A) were identiticd for 3C2’s heavy chain
and 7 back-mutations (K45R, Y498, F71Y, T228, K42N, T85V, F73L) for the light chain. For 56E3,
10 potential back-mutations (S307, W47Y, [48M, S70T, R87T, K43N, G44K, V7IR, V671, T6ES)
were identified for the heavy cham, and 4 back-mutations (I2Z1IM, RIBK, AI9V, V89L) were
wdentified for the light chain.

{06176] Five humanized heavy chain variable regions and four humanized light cham variable
regions were designed for 3C2, with total of 13 humanized antibodies obtained. Four humanized
heavy chain variable regions and three humanized hight chain vanable regions were designed for 56ES,
with a total of 12 humanized antibodics obtained. The sequences of these humanized antibodics were
summarized in Table 1 and Table 8.

Table 6. Back mutations

Heavy chain | Back mutations Light chain | Back mutations

3C2VH2 M4RE, M70L, R72V, R87T 3C2VL2 K43R, Y495, F71Y

3C2VH3 M43, M70L, R72V, R87T, R38K, | 3C2VL3 F43R, Y498, F71Y, T228, K42
A4OR N

3C2VH4 M481, M70L, R72V, R87T, R38K, | 3C2VL4 F43R, Y498, F71Y, T228, K42
A40R, T288, Y95F N, T85V

3C2VHS M48I, M70L, R72V, R87T, R38K, | 3C2VL5 Y498, F73L

A40R, T288, YO5F, R67K, V6BA

3C2VHG R72V, M4l

36ESVHZ S30T, W47Y, 148M, S70T, R87T S6E5VL2 21M

S6ESVHZ | S30T, W47Y. 148M, S70T. R87T, | S6ESVL3 | I2IM. RI8K, A1V
K43N, G44K

S6ESVHA | S30T, W4TY, 148M, S70T. R87T, | S6ESVL4 | I2IM. RI8K, A19V, VSSL
K43N, G44K, VTIR

36E3VHS S30T, W47Y, 148M, S70T, R87T,
KA3N, G44K, V7IR, V671, T6ES

{88177] The sequences encoding the heavy chain variable region plus human IgGl constant region
with N297A mutation and the sequences encoding the Hght chain variable regions phus human kappa
constant region {amino acid sequences of heavy chain constant region and light chain constant region
set forth in SEQ 1D NOs: 33 and 34, respectively) were chemically synthesized and then subcioned
mto GS expression vectors (Invitrogen, USA) using the EcoR U/Xho 1 and Cla I/Hind IH restriction

sites respectively. Al expression constructs were confirmed by DNA sequencing. The EXPiCHO
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expression systems {Invitrogen, USA) were transfected with heavy chamn and hight chain expressing
vectors and transiently expressed 25 humanized anti-PD-L1 antibodics, following the protocol
described in Example 8. The humanized antibodies were purified as described m Example 3.

Example 13. Binsine capabiities/attinities of humanized anti-PD-L 1 antibodies

{86178] The bumanized anti-PD-L1 antibodics were characterized for their binding abilitics to
HEK293Ahuman PD-L1 cells, HEK293A/monkey PD-L1 cells and HEK293A/mouse PB-L1 cells,
following the protocols described i Example 4. The results were shown in FIG. 5 and FIG. 6.
{06179] These antibodies were also tested in SPR assays for their binding affinities to human and
monkey PD-L1 with BIAcore™ 8K mstrument (GE Life Sciences). Briefly, 100-200 response units
(RU} of human PD-L1 {(ECD)-his protein {Cat#:10084-HO8H, Sino Bislogical, CN) or monkeyv PD»-
L1 (ECDy-his protein (Cat#:90251-CO8H, Sino Biological, UN) were coupled to CMS biosensor chips
{(Cat#: BR-1005-30, GE Life Sciences, US), and the ou-reacted groups were blocked with 1M
cthanolamine. Serially diluted antibodies at concentrations ranging from 0.3 pM to 10 puM were
mjected into the SPR running buffer (HBS-EP buffer, pH7.4, Cat#:BR-1006-69, GE Life Sciences,
US) at 30 ul/minute. The binding affinities were calculated with the RUs of blank controls
subtracted. The association rate {k,) and dissociation rate {kg) were calculated using the one-io-one
Langmuir binding model (BIA Evalvation Software, GE Life Sciences), and the equilibrivmm
dissociation constant Kp was calculated as the kg¢/k, ratio. The results were shown in Table 7.
{60180] As shown in FIG. 5 and FIG. 6, the humanized anti-PDL1 antibodies had high binding
abilities to both buman PD-L1 and monkey PD-L1, which were comparable to those of their
respective chimernc antibodies.
{00181] According to Table 7, the humanized 3C2 and 36E5 antibodics had comparable or higher
binding affinitics to human PD-L1 as compared to atezolizumab.

Table 7. Binding affinitics of humanized anti-PDL1 antibodies to human/monkey PD-L1
Human PD-L1 Monkey PD-L1

mAb

K Ka Ko K HE Ko
SC2VHAVEA 3.16e+05  {9.69e-05 3.07e-10  B.16e+05 {7.73e-05 |{2.43e-10

SC2ZYVHOVLS 2. 77e+05  {1.20e-04 4.33e-10 W 16e+05 (1.53e-04 [3.69-10

SOESVHSVL3 F04e+06  3.19e-05 3.08e-11 2.49e+05 j1.10e-04 @ .41e-10

SOESVHSVLA 2.07e+05 {1.07e-04 {5.18e-10 {8.16e+05 [6.58e-06 [8.07e-12

Atezolizumab 4.77e+05 15.88e-05 {1.23e-10  {1.92e+05 |1 25¢-04 [6.50e-10

Example 14. Humanized anti-PD3-L.1 antibodies activaied T cells

{86182] These antibodies were further tested for their abilitics to stimulate T cell response n a MLR
assay, following the protocol of Example 7. IFN-y levels were determined using a commercially
available kit (Cat# . STAOOC, R&D, US) following the manufactarer's instructions.

{06183] As shown mn FIG 7, all humanized antibodics promoted T cell activation m a dose
dependent manner, with increased IFN-y secretion.  Antibodies S6E3VH3VLA4 and 3C2VH4VLA4

showed the highest capabilities in T cell activation.
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Example 15, Epitope binning

{60184] For epitope binning, a competition SPR assay was performed. Briefly, 1 pg/ml human PD-
L1 {(ECD)-his protein (Cat#: 10084-HO8H, Smo Biological, CN) was coupled to CMS5 biosensor chips
{Cat# BR-1005-30, GE Life Sciences, US), and un-reacted groups were blocked with 1 M
cthanolamine. Then, § pg/ml S6E3VH3VLA4 or 3C2VHAVLA4 antibodics were mjected mto the SPR
running buffer (HBS-EP buffer, pH7 4, Cat# BR-1006-69, GE Life Sciences, U5} at 30 ul/minute,
followed by a second anti-PDLI antibody (S6H3VHSVL4, 3C2VH4AVEA, atezolizumab, aveluomab or
durvalumab}, 5 ye/ml, at 30 ul/oinate. The binding affinitics were calenlated with the RUs of blank
controls subtracted. The data were then fitted nsing a 1:1 interaction model.

{08185] As shown m FIG. 8§ and FIG. 9, S6E5VH3VLA4 and atezolizamab did not bind the PD-L1
molecules at the same time, suggesting they may bind to the same or similar epitopes.  Similarly,
S6ESVHSVLA competed with avelumab and furvalumab over epitope binding. While S6E5VHS5VL4
and 3C2VH4VL4 simultancously bound to the PD-L1 molecules, meaning they bound to different
epttopes.  The antibody 3C2VH4VLA4 bound to the PD-L1 molecules simultancousiy with
S6ESVHAVLA, atezolizamab, avelumab or furvalumab, saggesting that 3C2VH4VE4 may bind to a
novel epitope different from those bound by the other antibodies.

Example 16, Humanized anti-PDL 1 antibodics had in vivo anti-tumor effect

{0G186] /n vive anti-tumor activities of anti-PD-LI antibodics S6E3VHSVL4 and 3C2VH6VLS

having human IgGI(N297A) kappa constant regions were studied i an animal model cstablished by

grafting MC38 murme colon  adenccarcinoma in transgenic mice with homan PD-L1
{GemPharmatech Co. Lid, China). On Day 0, mice were subcutancously injected with 1x10° MC38
cells at one flank, and randomly aliocated into 7 groups, 8 mice per group. These animals were then
mtraperitoneally administered with S6ESVHSVEA4 (10 mg/ke), 3C2VHOVLS (10 mg/ke), avelumab
(10 mg/kg) and PBS respectively at Day 0,4, 7, 11, 14 and 18.

{80187] Tumor sizes and mice body weights were monitored over time. In specific, the tumor size
was determined by measuring by a caliper the length (the longest diameter) and width {the diameter
perpendicular to the length) of a tumor and calculating the tumor volume as 0.5 x D x d* The test
was terminated before the tumor sizes in the control group reached 3.5 cm’. One-way ANOVA was
used to identify tumor size differences among groups.

{06188] As shown in FIG. 10, all the anti-PD-L1 antibodies significantly inhibited tumor growth in
mice, with 36ESVHAVLA and 3C2VHOVL3 s anti-tumor effects better than that of avehumab.
{60189] The sequences in the application are summarized as follows in Table &

Table 8. Sequences

DBescription/
Sequence/SEQ ID NQ.

VH-CDRI of mouse, chumeric and humanized 3C2 antibodies
DYHVN{SEQGID NG )

VH-CDR2 of mouse, chumeric and humanized 3C2 antibodies
WIFPGSGRTFYTDKFKG (SEQID NG: 2y

VH-CDR3 of mouse, chimeric and humanized 3C2 antibodies
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DYGTSGYGLVY (SEQ ID NO: 3)

VE-CDRI of mouse, chimeric and humanized 302 antibodies
KASDRINNWLA (SEQ ID NO: 4)

VL-CDRZ of mouse, chimeric and humanized 302 antibodies
GATSLET {SEQ ID NG: 5}

VE-CDR3 of mouse, chimernic and humanized 3C2 antibodics
QOYWNIPEFT (SEQ TD NO: 6)

VH-CDRI of mouse, chumeric and humanized 56E3 antibodies
SDYWN(SEQIDNG: 7

VH-CDR2 of mouse, chimeric and humanized 56E3 antibodies
YISYTGSTYYNPSLKS (BEQ ID NG: 8)

VH-CDR3 of mouse, chimeric and humanized 56E5 antibodics
YRDWDVRAMDY (SEQ ID NG: 9)

VL-CDRI of mouse, chimeric and humanized 56E3 antibodics
KSSQSLLISGNQENFLT (SEQ ID NG: 10y

VL-CDR2 of mouse, chimeric and humanized 56E3 antibodics
WASTRES (SEQIDNG: 1D

VL-CDE3 of mouse, chimeric and humanized 36E3 antibodies
QNDFGFPFT (SEQ IDNG: 1)

YH of mouse and chimeric 3C2 antibodies

QVOLNQSGPELMKAGTSVKISCKASGY SFIDYHYVNWVKQORPGQGLEWIGWIFPGSGRTEYTDK
FROKATLTYDLSFTTAYIMLNSLTSEDSAVYFCATDYGTSGYGLYVYWGQOGTSVTIVSS (SEQ 1D
NG 13)

VH of humanized antibodies 3C2-VH2VLZ, 3C2-VH2VL3 and 3C2-VH2VL4
QVOQLVQSGAEVEKKPGASVEVSCRASGYTFTDYHVNWYRQAPGQGLEWIGWIFPGSGRTFYTDK
FKGRVYTLTVDTSTSTVYMELSSLTSEDTAVYYCATDYGTSGYGLVYWGQGTTVTVSS (SEQ ID
NO:14)

VH of humanized antibodies 3C2-VH3VL2 3C2-VH3VL3 and 3C2-VH3VL4
OVOLVOSCGAEVEKKPGASVKYSCRKASGYTFTDY HVNWYKQRPGOQGLEWIGWIFPGSGRTFYTDK
FRKGRVTLTVDTSTSTVYMELSSLTSEDTAVYYCATDYGTSGYGLVYWGQGTTVTVSS (SEQ ID
NO:1S)

VH of humanized antibodics 3C2-VH4VL2, 3C2-VH4VL3 and 3C2-VH4VLA4
QVOLVOSGAEVKKPGASVKVSCKASGY SFTDYHVNWVKQRPGQGLEWIGWIFPGSGRTFYTDK
FKGRVTLTVDTSTSTVYMELSSLTSEDTAVYFCATDYGTSGYGLVYWGQGTIVTVSS (SEQID
NG 16)

VH of bumanized antibodies 3C2-VHIVLZ, 3C2-VHSVL3 and 3C2-VHSVL4
QVOLVOSGAEVKKPGASVKVSCKASGY SFIDYHVNWVKQRPGOGLEWIGWIFPGSGRTFYTDK
FRGKATLTVDTSTSTVYMELSSLTSEDTAVYFCATDYGTSGYGLVYWGQGTTVTVSS (SEQ ID
NG 1T

VH of humanized antibody 3C2-VH6VLS
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QVOLVQSGAEVEKKPGASVKVSCRASGY TFTDYHVNWYVRQAPGOQGLEWIGWIFPGSGRTFYTDK
FRKGRVIMTVDTSTSTVYMELSSLESEDTAVYYCATDYGTSGYGLVYWGQGTTVTVSS (SEQ 1D
NO: 18)

YVH of mouse and chimeric 56E5 antibodies
EVOQLOESGPGLAKPSOQTLSLTCSVTGYSITSDYWNWIRKFPOGNKLEYMGYISYTGSTYYNPSLKS
RISITROTSENGQYYLOQLNSYVTTEDTATYYCARYRDWDVRAMDYWGQGTSVTVSESS (SEGQ ID NO:
19)

VH of humanized antibodies S6E5-VH2VLY, 56ES-VH2VL3 and 56E5-VH2VL4
QVOLOESGPGLVKPSQTLSLTCTYSGGSITSDY WNWIRQHPGKGLEYMGYISYTGSTYYNPSLKS
RVTITYDTSKNQFSLKLSSVTTADTAVYYCARYRDWDVRAMDYWGQGTTVTVSS (SEQ ID
NO:20)

VH of humanized antibodies 56E3-VH3VL2, 56E5-VH3VL3 and 36E5-VH3VL4
OVQLOESGPGLVKPSQTLSLTCTVSGGSITSDY WNWIRQHPGNKLEYMGYISYTGSTYYNPSLKS
RVTITVDTSKNGFSLKLSSVITADTAVYYCARYRDWDVRAMDYWGQOQGTTVTVSS(SEQ 1D NO:
213

VH of humanized antibodies 36E5-VHAVL2, 56E5-VHAVL3 and S6E5-VH4VLA
QVQLOESGPGLVKPSQTLSLTCTVSGGSITSDY WNWIRQHPONKLEYMGYISYTGSTYYNPSLES
RVHTRDTSKNQEFSLKLSSVTITADTAVYYCARYRDWERVRAMDYWGQGTIVTVSS (SEQ D NO:

22)

VH of humanized antibodies S6ES-VHSVL2, 56E5-VH3VL3 and 56ES-VHSVLA4
OVOLOQESGPGLVKPSOQTLSLTCTVSGGSITSDY WNWIRGHPOGNKLEYMGYISYTGSTYYNPSLKS
RISITROTSKNQFSLKLSSVTTADTAVYYCARYRDWDVRAMDYWGQGTTVTVSS (SEQ ID NG

23)

VL of mouse and chimeric 3C2 antibodies
DIOMTQSSSYLSVSLGGRVTISCKASDRINNWLAWY QOQKPGNAPRLLISGATSLETGVPSRESGS
GSGKDYTLSITSLOTEDVAVYYCQOQYWNIPFTFGSGTKLEIK (SEQ ID NO: 24)

VL of humanized anttbodies 3C2-VHZVL2, 3C2-VH3VL2, 3C2-VH4VL2 and 3C2-VH5VL2
DIQMTOQSPASLSASVGDRVTITCKASDRINNWLAWY QOKPOGKAPRLLISGATSLETGVPSRESGS
GSCTDYTFTISSLOPEDIATYYCQQYWNIPFTFGQUTKVEIK(SEQ ID N(:25}

VL of humanized antibodies 3C2-VHZVL3, 3C2-VH3VL3, 3C2-VH4VLE and 3C2-VH3VL3
DIQMTOQSPSSLSASVGDRVTISCKASDRINNWLAWY QOQKPGNAPRLLISGATSLETGVPSREFSGSG
SGTDYTFTISSLOPEDIATYYCQQYWNIPFTFGQGTKVEIR (SEQ 1B NO: 26)

VL of humanized antibodies 3C2-VH2ZVLA4, 3C2-VH3VLA, 3C2-VH4VIA and 3C2-VH3VIL4
DIQMTQSPSSLSASVOGDRVTISCKASDRINNWLAWY QUQEKPOGNAPRLLISGATSLETGVPSRESGSG
SGTDYTFTISSLOPEDIAVYYCQQYWNIPFTFGQUGTRKVEIK(SEQ 1D NG: 27)

VL of umanized antibody 3C2-VHEVLS
DIOMTOSPSSLSASVGDRVTITCKASDRINNWLAWY QUOKPGKAPKLLISGATSLETGVPSRFSGS
GSGTDFTLTISSLOPEDIATYYCQQYWNIPFTFGQGTKVEIK (SEQ ID NG: 28)

YL of mouse and chimeric 56E5 antibodies
DIVMTQSPSSLTVTAGEKVTMNCKSSQSLLISGNORKNFLTWY QQKPGOPPKLLIYWASTRESGVP
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DRFTGSGSOTDFTLTISSVQAEDLAVYYCONDFGFPFTFGSGTKLEIK{SEQ ID NG: 29}

VL of humanized antibodies S6E5-VH2VL2, 56E5-VH3VL2, 56E5-VH4AVL2 and 56E5-VHSVL2
DIVMTQSPDSLAVSLGERATMNCKSSGSLLISGNQRNFLTWY QOKPGOPPKLLIYWASTRESGVP
DRFSGRSGSGTDFTLUTISSLOAEDVAVYYCONDFGFPFTFGOGTKVEIK (SEQ 1D NO:3O)

VL of humanized antibodies S6E3-VH2VL3, 56E5-VH3VL3, 56E5-VH4VL3 and 56ES-VHSVL3
DIVMTQSPDSLAVSLGEKVTMNCKSSQSLLISGNGRNFLTWY QOKPGOPPKLLIYWASTRESGVP
DRFSGRSGSGTDFTLUTISSLOAEDVAVYYCONDFGFPFTFGOGTKVEIK. (SEQ IDNO: 31

VL of humanized antibodies S6E5-VH2VL4, S6E5-VH3VL4, 56E5-VH4VL4 and 56ES-VHSVL4
DIVMTQSPDSLAVSLGERKVTMNCKSSQSLLISGNQRNFLTWY QOKPGOPPKLLIYWASTRESGVP
DRESGSGSGTDFTLTISSLOAEDLAVYYCONDFGFPFTFGQGTRVEIK (SEQ 1D NO: 32)

Human fg(G1 heavy chain constant region (N297A)
ASTRGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLOGTOQTYICNVNHKPSNTKVDKEVEPKSCDETHTCPPCPAPELLGGPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY TLPPSREEMTKNOVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPYLDSDGSFFLY SKLTVDKSRWQOGNVFSCSVMHEALHNHYTQ
KSLSLSPGK (SEQ 1D NO: 33)

Human kappa light chain constant region
RTVAAPSVFIFPPSDEQLESGTASVVCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDS
TYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC (SEQ IR NO: 34)

Human PD-L1
MRIFAVFIFMTYWHLLNAFTVIVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNI
IQFVHGEEDLEVQHSSYROQRARLLKDOQLSLGNAALGITDVELGDAGVYRCMISYGGADYRRITV
KVNAPYNKINGRILYVDPVTSEHELTCQAEGY PKAEVIWTSSDHOVLSGKTTTINSKREEKLFNY
TSTLRINTTINEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLE
KGRMMDVKRKCGIGDTNSKKOSDTHLEET (SEQ ID NG: 353

Monkey PD-L1

MRIFAVFIFTIYWHLLNAFTVIVPKDLY VVEYGSNMTIECKFPVEKQLDLTSLIVYWEMEDENIQ
FVHGEEDLKVQHSNYRQRAQLLKDQLSLGNAALRITDVKLOQDAGVYRCMISYGGADYKRITVE
VNAPYNKINQRILVVDPYVTSEHELTCOAEGYPKAEVIWTSSDHOVLSGKTTTINSKREEKLENYT
STLRINTTANEIFYCIFRRLDPEENHTAELVIPELPLALPPNERTHLVILGAIFLLLGVALTFIFYLRK

GRMMDMEKCGIRVINSKKQRDTOQLEET (SEQ 1D NO: 36)

Mouse PD-L1
MRIFAGHFTACCHLLRAFTITAPKDLYVVEYGSNVIMECRFPVERELDLLALVVYWEKEDEQV]
QFVAGEEDLKPQHSNFRGRASLPKDOGLLEKGNAALQITRVRKLODAGVY CCHSYGGADYRRITLE
VNAPYRKINQRISVDPATSEHELICQAEGY PEAEVIWTNSDHOPVSGKRSVITSRTEGMLLNYTS
SLRVNATANDVFYCTFWRSQPGONHTAELUPELPATHPPONRTHWVLLGSILLFLIVVSTVLLFL
REQVRMLDVEKCGVEDTSSKNRNDTQFEET (SEQ ID NO: 37)
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{63198] Having thus described in detail preferred embodiments of the present disclosure, it 1s to be

understood that the disclosure defined by the above paragraphs is not to be himited to particular details
set forth 1n the above description as many apparent variations thereof are possible without departing

from the spirit or scope of the present disclosure.
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We claim:

1. An isolated monoclonal antibody, or an antigen-binding portion thereof, binding to PD-L1,
comprising a heavy chain variable region comprising a VH-CDR1 region, a VH-CDRZ region and a
VH-CDR3 region, and a light chain vanable region comprising a VL-CDRI region, a VL-CDR2
region and a VL-CDR3 region, wherein the VH-CDRI region, the VH-CDR?2 region, the VH-CDR3
region, the VL-CDRI region, the VL-CDR2 region and the VL-CDR3 region comprise amino acid
sequences of (1Y SEGID NQOs: 1,2, 3, 4, 5 and 6, respectively; or (2} SEQ 1D NOs: 7, 8,9, 10, 11 and

12, respectively.

2. The 1solated monoclonal antibody, or the antigen-binding portion thereof, according to claim 1,
wherein the heavy chain variable region comprises an amino acid sequence having at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%. 88%, 89%, 90%, 91%, 92%. 93%, 94% 95%, 96%, 97%, 98%, 99%

or 100% identity to any one of SEQ 13 NOs: 13-23.

>

3. The isolated monoclonal antibody, or the antigen-binding portion thereof, according to claim 1,
wherein the light chain vanable region comprises an amino acid sequence having at least 80%, 81%,
82%, 83%, 84%. 85%, &6%, 87%, 88%. 89%, 90%, 91%, 92%, 93%., 94% 95%, 96%, 97%, 98%, 99%

or 100% identity to any one of SEQ 1D NO: 24-32.

4. The wsolated monoclonal antibody, or the antigen-binding portion thereof, according to claim 2,
wherein the heavy chain variable region and the hght chain varnable region comprise aming acid
sequences having at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94% 959%, 96%, 97%, 98%, 99% or 100% identity to {1} SEQ 1D NQOs: 13 and 24, respectively;
{23 SEQ 1D NOs: 14 and 25, respectively; (3) SEQ [D NQOs: 14 and 26, respectively; (43 SEQ 1D NQOs:
14 and 27, respectively; (5) SEQ 1D NOs: 15 and 25, regpectively; () SEQ 1D NOgs: 15 and 26,
respectively; (7) SEQ 1D NOs: 13 and 27, respectively; (8) SEQ 1D NOs: 16 and 25, respectively; (9)
SEQ 1D NOs: 16 and 26, respectively; (10) SEQ 1D NOs: 16 and 27, respectively; (11) SEQ 1D NQOs:
17 and 25, respectively; (12) SEQ 1D NOs: 17 and 26, respectively: (13) SEQ 1D NOs: 17 and 27,
respectively; (14) SEQ 1D NOs: 18 and 28, respectively; (15) SEQ ID NOs: 19 and 29, respectively;
{16) SEQ 3 NQOs: 20 and 30, respectively; (173 SEQ 1D NOs: 20 and 31, respectively; (18) SEQ 1D
MNOs: 20 and 32, respectively; (19) SEQ 1D NOs: 21 and 30, respectively; (20) SEQ 1D NOs: 21 and
31, respectively; (21) SEQ ID NOs: 21 and 32, respectively; (22) SEQ ID NOs: 22 and 30,
respectively; (233 SEG ID NOs: 22 and 31, respectively; {24) SEQ 1D NOs: 22 and 32, respectively;
{253 SEQ ID NOg: 23 and 30, respectively; {263 SEQ ID NOs: 23 and 31, respectively; or {27y SEQ
1D NOs: 23 and 32, respectively.

5. The 1solated monoclonal antibody, or the antigen-binding portion thereof, according to claim |,
comprising a heavy chain constant region, linked to the heavy chain variable region, having an aming
acid sequence having at least 80%, 81%, 82%, 83%, 84%, 83%, 886%. 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94% 95%, 96%, 97%, 98%, 99% or 100% identity to SEQ 1D NO: 33, and/or a light chain

constant region, linked to the light chain vanable region, having an amino acid sequence having at
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feast 80%, 81%, 82%, 839%, 84%, 83%, 869, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94% 95%, 96%,
97%, 98%, 99% or 100% identity to SEQ ID NQ: 34,

6. The isolated monoclonal antibody, or the antigen-binding portion thereof, according to claim 1,
which (a) binds human PD-L1; (b} binds monkey PD-LI; (¢} does not bind to mouse PD-L1; {(d)
blocks PD-L1-PD-1 interaction; {¢) promotes T cell activation; and/or (f} has an in vive anti-tumor

activity.

7. The 1solated monoclonal antibody, or the antigen-binding portion thereof, according to claim 1,

which 1s mouse, chumeric or humanized.

8. A nucleic acid molecule encoding the isolated monoclonal antibody, or antigen-binding porticn

thercof, according to any one of claims 1 to 7.

9. An expression vector comprising the nucleic acid molecule according to claim 8.

10. A host cell comprising the expression vector according to claim 9.

1i. A pharmaceutical composition comprising the 1solated monoclonal antibody, or antigen-binding

portion thereof, according to any one of claims 1 to 7, and a pharmaceutically acceptable carier.

12. A method for treating a cancer in a subject in need thercof, comprising administering to the

subject the pharmaceutical composition according to claim 11,

13. The method according to claim 12, wherein the cancer is selected from the group consisting of
melanoma, non-small cell lung cancer, renal cell carcinoma, Hodgkin lyvmphoma, bladder cancer,
head and neck cancer, neuroendocrine tumor, mantle cell lymphoma, diffuse large B-cell lymaphoma,

and follicular lvmphoma.

14, A method for treating an mnfectious disease in 3 subject in need thereof, comprising administering

to the subject the pharmaceutical composition according to claim 11,
15. The method according to claim 14, wherein the infecticus disease is chronic hepatitis B virus

{HBV), hepatitis C virus (HCV}, human immunodeficiency virus {HEV), or sinuan immuncdeficiency

virus {(S1V) mfection.
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